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NOTICES 
Annual General Meeting 


The Annual General Meeting will be held in the Library on Tuesday, March 
27th, at 5.30 p.m. The Statement of Accounts for the year ending December 
31st, 1927, and the Council’s Annual Report will be found on pages 171-183. 

Notice of any subject to be brought up for discussion at the meeting must be 
received by the Secretary not later than March 13th. Nominations for election 
to the vacancies on the Council, signed by two voters and accompanied by a 
statement signed by the candidate signifying his willingness to serve if elected, 
must be received by the Secretary not later than March 6th. 


Elections 
The following members were elected at a meeting of Council held on February 

1928:— 

Fellow (transferred from Associate Fellow).—Captain F. T. Hill. 

Member.—Mr. J. D. North. 

Associates. —Mr. G. M. Harvey, and Mr. H. Lawson. 

Students.—Mr. L. T. Brown, Mr. C. Moore, and Mr. M. S. W. 

Templeman. 


Wilbur Wright Memorial Lecture 

Mr. F. Handley Page has accepted the Council’s invitation to deliver the 
Wilbur Wright Memorial Lecture for 1928. The Lecture will take place on 
Wednesday, May 30th, at the Royal Society of Arts, 18, John Street, Adelphi, 
W.C.2, at 6.30 p.m. 


Lecture Postponed 
The lecture by Mr. Volkert, announced for Thursday, April 12th, has been 
postponed until next Session. 


Mr. B. Hinkler 


A telegram of congratulation was sent to Mr. B. Hinkler on the completion 
of his remarkable flight to Australia. 


Summaries 
On pages 227-234 are published summaries of Technical Publications received 
by the Society. These summaries will be published at frequent intervals and 


indexed in the December number of the Journal. 


Library 
The following books have been recently received and placed in the Society's 
Library :— 


This Airship Business, by FE. J. Spanner. 
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NOTICES 


A Catalogue of British Scientific and Technical Books. 
A New Form of Air-Compressor, by H. S. Hele-Shaw and T. E. Beacham. 
The Endurance of Spring Steel Plates, by G. A. Hankins. 
Mechanik der Massenpunkte und der Starren K6rper, by P. A. Haas, 
Wireless Direction Finding. 2nd Edition, by R. Keen. 
Manual of Meteorology. Vol. I]. Comparative Meteorology, N. Shaw. 
Reports and Memoranda of the Aeronautical Research Committee— 
No. 1104. On the Flow of Air Behind an Inclined Flat Plate of Infinite 
Span, by A. Fage and F. C. Johanson. 
No. 1105. Aerodynamics of a Simple Servo-Rudder System, by H. M. 
Garner and C. E. W. Lockyer. 
No. 1108. The Rotating Wing in Aircraft, by H. E. Wimperis. 
No. 1109. The High-Duty Compression Ignition Engine, by D. R. Pye. 
No. 1110. Note on Some Fatigue and Density Tests made of 
Aluminium Aggregate, by H. J. Gough. 
University of Toronto Bulletin No. 7 Aeronautical Papers, by J. H. Parkin. 
National \dvisory Committee for Aeronautics of America. Technical Notes— 
No. 264. Tests of the N.P.L. Airship Models in the Variable Density 
Wind Tunnel, by G. J. Higgins. 
No. 265. Measurement of the Moments of Inertia of Full-Scale Aero- 
planes, by H. W. Green. 
No. 266. Airfoil Lift with Changing Angle of Attack, by E. G. Reid. 
No. 267. Pressure Distribution on Wing Ribs of the VE-7 and TS 
Airplanes in Flight, by R. V. Rhode. 
No. 268. Mass Distribution and Performance of Free Flight Models, 
by M. Scherberg and R. V. Rhode. 
No. 269. The Distribution of Loads between the Wings of a Biplane 
having Decalage. 
No. 270. Characteristics of N.A.C.A. 97, Clark Y and N.A.C.A. M6 
Airfoils with Particular Reference to the Angle of Attack, by G. J. 
H. Higgins. 
National Advisory Committee for Aeronautics of America. Technical 
Reports— 
No. 269. Airforce Tests of Sperry Messenger Model with Six Sets of 
Wings, by J. M. Shoemaker. 
No. 270. Measurement of Pressure Through Tubes in Pressure Dis- 
tribution Tests, by P. E. Hemke. 
No. 271. Pressure Distribution Tests on PW-g Wing Models Showing 
Effects of Biplane Interference, by A. J. Fairbanks. 
No. 275. The Effect of the Walls in Closed Type Wind Tunnels, by 
C. J. Higgins. 
No. 276. Combustion Time in the Engine Cylinder and its Effect on 
Ingine Performance. 
Thirteenth Annual Report of the N.A.C.A. 1927. .\dministrative Report. 


Forthcoming Arrangements 


Thursday, March tst.—At 6.30 p.m., at the Royal Society of Arts, Wing 
Commander R. M. Hill, M.C., A.F.C., F.R.Ae.S., ‘‘ Experiences 
with the Baghdad Air Mail. 

Thursday, March 15th.—At 6.30 p.m., at the Royal Society of Arts, Mr. C. 
C. G. Rudorf, Ph.D., B.Sc., ‘‘ Testing of Materials Used in Aircraft 
Construction.’ 

Tuesday, March 27th.—At 5.30 p.m. in the Library, the Annual General 
Meeting. 

J. Laurence PrircHarp, Secretary. 
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Council 
President: Colonel the Master of Sempill, A.F.C., A.F.R.Ae.S. 
Past President: Air Vice-Marshal Sir W. Sefton Brancker, K.C.B., A.F.C., 
F.R.Ae.S. 
Vice-President: Air Vice-Marshal Sir Vyell Vyvyan, K.C.B., D.S.O. 
Captain P. D. Acland. 
Mr. M. L. Bramson, A.C.G.I.,. A.F.R.Ae:S., M.I.Ae.S: 
Mr. Griffith Brewer, k.R.Ae.S. 
Wing Commander T. R. Cave-Browne-Cave, C.B.E., A.M.I.Mech.E., 
A.M.I.N.A., F.R.Ae.S. 
Mr: A. Chorlton, C.B.E., M-Inst.C:.E., M.I-Mech:E.,. 
Captain F. T. Hill, A.F.R.Ae.S., M.I.Ae.E., B.Sc., Wh.Ex. 
Mr. N. J. Hulbert, A.M.I.Ae.E. 
Captain A. G. Lamplugh, A.F.R.Ae.S., M.J.Ae.E. 
Major A. R. Low, F.R.Ae.S. 
Mr. W. O. Manning, F.R.Ae.S. 
Major R. H. Mayo, O.B.E., F.R.Ae.S. 
Lieut.-Colonel J. IT. C. Moore-Brabazon, M.C., F.R.Ae.S., M.I.Ae.E., M.P. 
Lieut.-Colonel M. O’Gorman, C.B., D.Se., F.R.Ae.S. 
Mr; F. Handiey Page, C.B.E., F.R.Ae.S. 
Mr. F. R. Simms, M.I.Mech.E., M.I.A.E., M.I.Ae.E. 
Mr. O: M. Sopwith, 
Mr. H. E. Wimperis, O.B.E., F.R.Ae.S. 
Mr. L. A. “Wingfield, M.C., D.F.C. 
Hon. Librarian: Mr, J. E. Hodgson. 
Hon. Treasurer: Major D. H. Kennedy, O.B.E., F.R.Ae.S. 
Hon. Accountant: Mr. Norman Smith, 
Hon. Solicitors: Mir. W. B. Woodward, Mr. Lawrence Wingfield. 
Secretary and Editor: Captain J. Laurence Pritchard, Hon. F.R.Ae.S. 
Assistant Secretary: Miss O, St. B. St. Barbe. 


Membership 


On December 29th, following the amalgamation of the Royal Aeronautical 
Society and the Institution of Aeronautical Engineers, new rules were passed. 
Under these new rules the title of Member of the Royal Aeronautical Society was 
changed to that of Companion, and rules were drawn up for two new technical 
grades, Members and Associate Members. The figures in brackets refer, there- 
fore, to the old grades of the Royal Aeronautical Society as they existed in 
January, 1927. 


63rd ANNUAL REPORT 


No. of Hon. & Life 
Grade. Members. Members. Suspended. Total. 
Fellows... 88 (79) 19 (14) — (1) 107 (94) 
Associate Fellows (263) 8 (8) 45) 331 (296) 
Associate Members 9 34 
Associates att (55) (2) 117 (53) 
Companions (formerly 
Members)... 16 (16) 2 4s) 148 (152) 
Founder Members 45 (49) 45 (49) 
Students... 109 (63) 2 (63) 
Temporary Hon. Members — - 22 — 22 
998 (656) S1 (40) 13 (11) 1092 (707) 
Less Joint Members... 54 — 54 
944 (656) 81 (40) 13 412) 1038 (707) 
Coventry Branch ... 162 (229) — — 162 (2209) 
Manchester Branch 31 31 
Australian Branch 2 -- 47 
Leeds Branch . 32 
2844 (998) 83 (40) rg (21) 2940 (1049) 


Alteration in the Rules 

Under the terms of the Beharrell Report the following were appointed to 
serve on a Committee, the function of which was to prepare New Rules in draft 
for approval of the Council :— 


Representatives of the Representatives of the 

Royal Aeronautical Society. Institution of Aeronautical Engineers. 
Captain P. D. Acland. Mr. M. L. Bramson. 
Colonel the Master of Sempill. Mr. L. A. Wingfield. 


The Committee appointed as their Chairman Lieut.-Colonel Mervyn 
O’Gorman. 

The Committee held a large number of meetings and utilised the occasion 
for re-casting the Rules de novo. It was decided that the eventual status of 
Fellow, Member, Associate Fellow and Associate Member should involve no 
superiority of either group in electoral power, technical standing, eligibility to 
stand for office, access to facilities, and fees. The Rules of the Institution of 
Civil Engineers were taken as a basis for the formation of the new Rules, on the 
ground that the Rules of the most authoritative engineering body had stood the 
test of time. 

The Rules drafted were the unanimous decision of the Rules Committee and 
the Council, and with a few minor amendments were passed at a Special General 
Meeting, held on Thursday, December 29th, 1927, and brought into force on 
January ist, 1928. A copy of the Rules has been sent to every member of the 
Society. 


Amalgamation with the Institution of Aeronautical Engineers 


In the Journal for October, 1927, the Council placed on record their great 
gratification at the happy termination of the long series of negotiations between 
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the Institution of Aeronautical Engineers and the Society, resulting in a formal 
agreement for amalgamation. A short account of the negotiations leading up 
to the amalgamation, together with the terms agreed upon, was given in the 
September Journal. 

Seven members of the old Council resigned, under the terms of the amalgama- 
tion, to allow the new members representing the Institution of Aeronautical 
Engineers to be co-opted. The seven retiring members, to whom the Society 
owes so much for their energy, zeal and self-sacrifice on its behalf and assistance 
over the details of the amalgamation, were : 

The late Sir Mackenzie DD, Chalmers, K.C.B., C.S.I. 
Captain G.. T.. R.. Hill, M-C.,. M:Se.,. F.R-Ae:S. 

Mr. J. E. Hodgson. 

Mr. H. B. Irving, A.F.R.Ae.S. 

Major G. H. Scott, C.B.E., A.F.C., F.R.Ae.S. 

Mr. A. C. Watts, D.S.C., F.R.Ae.S., 

Mr. R. Mackinnon Wood, F.R.Ae.S. 

The members of the Institution of Aeronautical Engineers who were co-opted 

in their places were :— 
Mr. M. L. Bramson, A.C.G.I., A.F.R.Ae.S., M.I.Ae.E. 
Captain F. T. Hill, A.F.R.Ae.S., M.1.Ae.E. 
Mr. N. J. Hulbert, A.M.I.Ae.E. 
Captain A. G. Lamplugh, A.F.R.Ae.S., M.I.Ae.E. 
Lieut.-Col. J. T. C. Moore-Brabazon, M.C., F.R.Ae.S., M.T.Ae.E., M.P. 
Mr. F. R. Simms, M.I.Mech.E., M.I.A.E., M.I.Ae.E. 
Mr. L. A. Wingfield, M.C., D.F.C. 


The amalgamation came into actual being on October 1st, 1927, and the first 
meeting of the new Council was held on October 16th, 1927. The amalgamation 
has now been in force six months and has resulted in nothing but good. All 
members have loyally abided by the agreement which was arrived at by the two 
Councils and the agreement has been upheld in the spirit as in the letter by those 
who have been concerned with the actual administration. The effect of the 
amalgamation is reflected in the greatly increased activity of the Society in many 
directions and the Council feel that a great step forward was taken when the 
negotiations came to the happy ending they did. 


As a result of the amalgamation two new technical grades appear, Member 
bic 5! ’ . . 
and Associate Member, and all the rules were entirely revised as summarised in 
the preceding paragraph. 


Library 

For the fourth vear in succession the Council have to thank Mr. J. FE. 
Hodgson forthe time he has given to the library. During the year he valued 
a number of duplicates the Society possessed in order that they might be sold. 
Mr. Hodgson is the Society’s representative on the A.S.L.I.B. and has given a 
very considerable amount of his time to furthering the objects of the Society in 
this connection. 

The total number of volumes borrowed and returned during the year was 
243. \ large number of lantern slides were lent for lecture purposes. 

The Central Library for Students continues working in close touch with the 
Society's Library. During 1927 34 volumes were borrowed for their Students. 


£10,000 Endowment Fund 


The Council wish to draw special attention to the Endowment Fund. The 
object of the fund is to form a source of income which is independent of fluctua- 
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tions of subscriptions and grants from various bodies, so that the Society can 
proceed steadily with its work of disseminating as widely as possible all technical 
information, of advancing technical progress in every way, and of stimulating: an 
interest in aeronautics by an increasing number of lectures and discussions. 

The importance of increasing the Endowment Fund (the interest only of 
which can be used for furthering the objects of the Society) cannot be over- 
estimated, and it is hoped that all members will bear the fund constantly in mind. 
The fund now stands at £597 2s. od. 


Guggenheim Fund for the Promotion of Aeronautics 

In 1926 the Daniel Guggenheim Fund for the Promotion of Aeronautics made 
a grant of $5,000 to the Society. As a result of their generous gift the Society 
was able to carry out many schemes which had been in abeyance, and to extend 
its scope and influence. In October, 1927, a letter was sent to Mr. Henry F. 
Guggenheim, President of the Fund, outlining the work which had been done 
with the aid of the grant. In January, 1928, a letter was received from Mr. 
Guggenheim which stated, inter alia, ** It affords me great pleasure to advise 
you that the Daniel Guggenheim Fund for the Promotion of Aeronautics has 
approved a further grant of 5,000 dollars to the Royal Aeronautical Society for 
the purpose of continuing its activities.”’ 

The Council wish to repeat, what they have already written to the Trustees 
of the Fund, their grateful thanks for the generous gift, another example of the 
broad outlook of the Trustees. 

The full rules for the Safe Aircraft Competition, open to the world, in which 
150,000 dollars in prizes have been offered, were published in the Journal for 
June, 1927, and have awakened a wide interest. 


Donations 

The Council received with much gratification the following letter from the 
Secretary of the Motor Manufacturers and Traders, Ltd. :— 

‘The Council have authorised a contribution to the funds of the joint 
organisation of £250 per annum, which they hope it may be possible for them 
to continue for a period of three vears.”’ 

The Council record with great pleasure that the Society of British Aircraft 
‘Constructors for the third year in succession have made a grant of £250 to the 
Society. This, together with the Air Ministry grant of 4/250, also made for the 
third year in succession, thanks largely to the efforts of Mr. H. KE, Wimperis, 
has proved of the greatest possible value to the Society and has enabled the 
Council to yo steadily ahead with the policy of expansion which is putting the 
Society on a sound footing. 


Legacies 

During the vear two legacies have been left to the Society. The first is one 
for £700 bequeathed in the will of the late Mr. Akroyvd Stuart, to be held in trust, 
in order to provide a prize once in every two vears for the best paper or lecture 
on the subject of ** The Origin and Development of Heavy Oil Engines.’* The 
lectures or papers which will be delivered under the Trust will be known as ‘* The 
Herbert Akrovd Stuart Lectures.”’ 

Mr. Stuart will be remembered for the Akroyd Cycle Heavy Oil engines. 
He was one of the pioneers of the compression ignition engine and his death was 
a vreat loss to the engineering world. 


The other legacy was for #500 and was bequeathed in the will of the late 
Sir Mackenzie Chalmers, for many vears a member of the Council, and one who 
took an immense interest in the Society. 
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Branches 
During the year branches were formed at Leeds and Halton, and further 
new branches are in the process of formation. The Council feel very strongly 
the importance of forming branches and are prepared to offer all assistance within 
their power both in their actual formation and carrying on. The branches are 
assisted from headquarters in various ways, as the provision of lectures, loan of 
lantern slides and so on. The following is a list of branches and their addresses :— 
Australian Branch. 
Hon. Sec., Thos. J. Leech, Esq., Member, Orontes, Clarke Street,, 
Granville, New South Wales. 
Coventry Branch. 
Hon. Sec., k. Meadows, Esq., Associate Fellow, 21, Stvvechale Avenue 
Coventry. 
Hulton Branch. 
Hon. Sec., F./O. W. Shavlor, R.A.F.O., The Halton Aero Club, Royal 
Air Force, Halton Camp, Bucks. 
Leeds Branch. 
Hon. Sec., T. M. Naylor, Esq., Associate, The University, Leeds. 


Manchester Branch. 
Hon. Sec., A. D. Scarlett, Esq., Associate Member, Aero & Motor Co., 
Ltd., Foxbank Street, Richmond Grove, C.-on-M., Manchester. 
Yeortl Branch. 
Hon. Sec., V. S. Gaunt, Esq., Associate Member, Westland Works, 
Yeovil. 


Awards 

The Gold Medal of the Society was awarded in 1927 to Professor L. Prandtl 
for the work which has made his name an outstanding one in aeronautics. 

The Silver Medal was awarded to Professor Melvill-Jones for the work he 
has done in connection with the control of aeroplanes at the stalling speed. The 
medal was presented to him in May on the occasion of the delivery of the Wright 
Memorial Lecture by Professor Prandtl. 

The Silver Medal of the Society was also awarded to Mr. R. J. Mitchell, 
Mr. P. A. Ralli, and Captain G. S. Wilkinson for their services to aeronautics 
in connection with the design of the S.5, which won the Schneider Trophy of 
1927. The three medals were presented by the President of the Society, Colonel 
The Master of Sempill, on the occasion of the joint lectures given by the three 
designers on the S.5 on January 26th, 1928. 

The R.38 Memorial Prize for 1927 was awarded to Wing-Commander T. R. 
Cave-Browne-Cave, C.B.E., F.R.Ae.S., A.M.I.Mech.E., A.M.I.N.A., for his 
paper entitled ‘‘ Safety from Fire in Airships.’ The paper was published in the 
Journal for November, 1927. 

A prize of £20 each was awarded to Mr. L. W. Bryant, B.Sc., Associate 
Fellow, and Mr. S. B. Gates for their joint paper on ‘ The Spinning of Aero- 
planes,’’ submitted for the Edward Busk Memorial Prize. 

A special letter of commendation, together with a grant of #10 from the 
same fund, were sent to Mr. E. G. Richardson, M.Sc., Ph.D., for his paper 
on ‘* Recent Model Experiments in Aerodynamics.’’ Both papers were pub- 
lished in the Journal, the former in the issue for July, 1927, and the latter in 
the issue for September, 1927. 

The Pilcher Prize was awarded to Mr. S. Scott Hall for his paper on ‘‘ Polar 
Explorations and Survey,’’ published in the Journal for September, 1927. 
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The Usborne Prize was awarded to Mr. W. ‘T. Sandford for his paper on 
** Some Recent Developments in the Design of Rigid Airships,’’ published in 
the Journal for November, 1927. 

In 1927 the Council decided to award an annual prize of five guineas for 
a paper by apprentices in the Royal Air Force being trained at Halton, as a 
Memorial to the late Mr. A. B. Elliott, who contributed so greatly to the success 
of Sir Alan Cobham’s flight to India, South Africa and Australia. The subject 
of the first. paper was ‘* The Ideal British Aircraft’ Mechanic, with particular 
reference to the work of the late A. B. Elliott.’ A large number of papers were 
received and the prize was awarded to Mr. G. W. Buckler. 


Lecture Programme 
1927. 
Oct. 6. Mr. F. Handley Page, C.B:E., F.R.Ae.S., “ Aviation.’’ 
13. Squadron-Leader T. H. England, D.S.C., A.F.C., * The Practical 


Side of Performance Testing in Aircraft.” 
oe 20. Mr. M. L. Bramson, A.C.G.I., A.F.R.Ae.S., ‘‘ Safety Devices for 


Aircraft.”’ 

Noy. 3. Joint Meeting with the Institution of Automobile Engineers. 9 Mr. 
H. B. Taylor, High Speed Compression Ignition 
Engine Research.”’ 

Mr. R. K. Pierson, A.M.Inst.C.E., F.R.Ae.S., ‘‘ The Use of the 
Wind Tunnel in the Prediction of Aeroplane Performance.”’ 

Major ©. J. Stewart, O.B:E., M.1.Mech.E., F.R.Ae.S., M.I.A.E., 

Modern Developments in Aircraft Instruments. ”’ 
mec. “Masor J. 2. Rennie, AK.T-C., F.R.Ae.S., The 


Problem of the Long Range Flying Boat.” 


3. Captain Entwistle, B.Sc., ‘‘ Fog.’’ 
15. Major A. Bumpus, ** The Development of ‘orpedo-Carrying .\ir- 
craft.”’ 
1928. 
Jan. 5. Mr. A. Fage, A.R.C.Sc., F.R.Ae.S., ““Some Recent Experiments on 


Fluid Motion.”’ 

19. Major W. S. Tucker, D.Se., The Problem of Noise in Civil Aircraft 
and the Possibilities of its Elimination.”’ 

26. Mr. R. J. Mitchell, A.F.R.Ae.S., Mr. P. A. Ralli, A.F.R.Ae.S., and 
Captain G. S. Wilkinson, Schneider “Trophy 
Machine Design.” 

Keb. 2. Flight-Lieutenant R. E. H. Allen, M.D. Ae.E., Ground Transport 
for an Air Organisation.”’ 

7. Wing-Commander J. G. V. Fowler, A.F.C., ** The Maintenance and 
Repair of Aero Engines.”’ 

16. Mr. G. P. Douglas, M.C., D.Se., ** Experiments on Model Airscrews 
at High Tip Speeds.”’ 

Mar. 1. Wing-Commander R. M. Hill, M.C., F.R.Ae.S., Experi- 

ences with the Baghdad Air Mail.”’ 

15. Dr. Rudorf, ** Testing of Materials used in Aircraft Construction.” 

Apr. tg. Herr Dornier, Flying Boats.’’ 

= 26. Mr. B. N. Wallis, ** The Design and Construction of Modern Rigid 

Airships.”’ 


Wilbur Wright Memorial Lecture 


The Wilbur Wright Memorial Lecture for 1927 was delivered by Professor 
L. Prandtl on May 16th on ‘** The Generation of Vortices in Fluids of Small 
Viscosity.” 
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The meeting was made the occasion for holding a Council Dinner at the 
Athenwum to Professor Prandtl and presenting him with the Gold Medal of the 
Society and his diploma on his election as Honorary Fellow. The lecture proved 
to be one of the outstanding lectures of the year and was printed in the Journal 
for .\ugust, 1927. 


Informal Discussions 

The informal discussions during the year have proved very successtul. The 
Discussions Committee consists of Mr. FF. A, Foord, Associate Fellow, of the 
Air Ministry, Mr. W. O, Manning and Major R. H. Mayo. 


The first discussion was held by courtesy of the Committee at the Roval Aero 


Club on November 15th. The subject for discussion was ‘* Are Aero Engines 
Reliable?’’ The opening speakers were Mr. FF. A. Foord and Mr. A. L. 
Chorlton. A brief résumé of the discussion appeared in the Journal for January, 
1928. 


On February 14th, 1928, a very successful discussion took place at the 
Engineers’ Club in Coventry Street on the title “* Why the Aeroplane is Superior 
to the Seaplane in Imperial Communications.”” The discussion was opened by 
Major R. H. Mayo and replied to by the President, Colonel the Master of 
Sempill. 


Dinners 

Following the delivery of the Wilbur Wright Memorial Lecture on Monday, 
May 1oth, 1927, by Professor Prandtl, the Chairman, Colonel the Master ot! 
Sempill, and the Council of the Royal Aeronautical Society gave a dinner at the 
Athenwum in honour of the famous scientist from Géttingen University. At 
the invitation of the Council a number of distinguished guests were present, the 
names of whom were given in the Journal for June, 1927. 


On May 31st, 1927, a banquet was given at the Savoy Hotel in honour of 
Colonel Lindbergh by the Royal Aeronautical Society, the Royal Aero Club, 
the Air League of the British Empire, and the Society of British Aircraft Con- 
structors. There were present all the leading authorities in every branch of 
British aviation to do honour to Colonel Lindbergh. 

The brief visit of General Italo Balbo, the Italian Under-Secretary of State 
for Air, in July, 1927, was made the occasion for giving a lunch in his honour 
at the Savoy Hotel. The lunch was given by the Roval Aeronautical Society, 
the Royal Aero Club, the Air League of the British Empire, and the Society of 
British Aircraft Constructors. 

On Tuesday, October rith, 1927, a banquet was given at the Savoy Hotel 
in honour of Flight-Lieutenant S. N. Webster and other members of thg victorious 
Schneider Trophy team by the Royal Aeronautical Society, the Royal .\ero Club, 
the Air League of the British Empire and the Society of British .\ireraft Con- 
structors. The announcement of the award of the Silver Medals of the Society 
to the designers of the winning machine was made by the Chairman, the Master 
of Sempill, at this banquet. 

A dinner was given at the Army and Navy Club on November 8th by the 
Council, as constituted on June 30th, to the Chairman, Colonel the Master ol 
Sempill, as a mark of appreciation of the immensely valuable services which he 
rendered the Society during the dificult period he has been Chairman, and par- 
ticularly in regard to the negotiations for the amalgamation between the Society 
and the Institution of .\eronautical Engineers. 

On the occasion of the departure of General A. Guidoni from London to 
take up his new post as Director of Aircraft Construction in Italy, a luncheon 


(Continued on page 182.) 
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AERIAL SCIENCE, LIMITED 


Balance Sheet, 


Dr. aad. a, 
To Nominal Capital— 

Divided into 20 Shares of 1/- each and 999 Shares of leach ... 1000 0 O 
Capital Issued— 


19 Shares of 1/- each ... 019 O 
Sundry Creditors ... ose sas 524 17 6 
», Subscriptions Received in Advance 89 5 11 
», Carnegie U.K. Trust Grant for Purchase of Books 200 “ee x 500 0 0 
Expended to 31st December, 1927 ... -- 465 8 7 
Endowment Fund ove one 575 0 
Add—Donations received during | year ove 22 2 0 
597 2 0 
Library Fund- 
Balance as at 31st December, 1926.. ‘ 23 14 5 
ess— Amount transferred to Income and E xpenditure Account 23 14 5 
——_— 0 0 
International Air Congress 
Balance as at 31st December, 1926.. . * 60 16 10 
Less —Amount transferred to Income and Expenditure Account 60 16 10 
00 0 
Surplus— 
Reserve Fund— 
Kintrance Fees and Life -estaaat of present Members, as 
at 3ist December, 1926 . ose os S017 18 O 
Receipts for year to 31st December, "1927 ee 164 10 O 
Surplus of Assets over Liabilities of the Institution of Aero- 
nautical Engineers on Amalgamation... 262 9 9 
3236 12 9 
Deduct-—Income and Expenditure Account 
at 3lst December, 1926 ... . £1199 9 8 
Less—¥ixcess of Income over Hxpenditure for year 
538 7 O 
— 2698 5 9 
£4410 10 2 
We report to tl Sharcholders that we hav xamined the Books of the Society, and having 
properly drawn up so as to exhibit a true and correct view of the state of the Society's affairs, 
the Soc ty 
ick’s Pl Old Jewry, London, E.C.2 
February, 1928 
Income and Expenditure Account 
Dr. 
To Office Rental, Heating, and Insurance 84912 4 
Postages, &e.. ese eee eee eee eee eee eee 156 1 9 
Less ~-Amount transferred from Library und ose 23 14 5 
— 87 811 
Audit Fee tee eee eee eee eee eee eee see eee 18 18 O 
Income Tax .. oe 9 8 O 
,, 60th Birthday Cel ebrations | see ee 2 6 0 
,, Subscriptions Written off ... aes 40 19 6 
,, Excess of Income over E xpenditure for Year, carried to Balance Sheet... ~s won 28 
£3841 7 0 
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S 


By Ofjice Furniture, Printed Books, Bindings, Old Prints, etc., as at 
31st December, 1926 (including ae Grant—£465 8s. Td) 803 3 6 


Add—Additions during 


Stock of JOURNALS, ete. 

5, Stock of Stationery 

Sundry Debtors, including ‘Subser iptions ‘owing. 
Investmenis at Cost— 


£2283 6s. Od. 5° War Stock (Inscribed), 1929/47 
3, Endowment 
£700 33°/, Conversion Loan at cost ... 
Cash at Bank 


Less—Petty Cash Overspent... 


all the information and 


obtained 
i the best of our 


according to 


explanations we have 
information and the 


required we are 
explanations ; 


for the Year Ending 31st December, 1927. 
Cr. 


By Annual Subscriptions 

,, Interest on Investments 

Less —Tax 


Donations Received 

International Air Congress— 
Balance as at 31st December, 1926... 
Add— Receipts during year 


of opinion that 
given to 


3210 O 

————- 83513 6 
493 3 0 
18 
0 8 


53418 3 
62 3 9 


———- 597 2 0 
154 12 11 


£4410 10 2 


uch Balanee Sheet 
us and as ahd wn by the Books 


PRICE, WATERHOUSE & CO. 
2104 15 4 
114 3 2 
2410 O 
418 O 
19°12 
145 
1528 17 11 
wee 60 16 10 


G 


£3841 7 O 


——— 623 4 
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RECEIPTS AND PAYMENTS ACCOUNTS 
Pilcher 

RECEIPTS. 

8: 
Balance of Fund as at 3lst December, 1926... 22436 2 
Interest on Investments ... ses 5 15 4 
£130 13 5 
R.38’’ Memorial 
3alance of Fund as at 31st December, 1926... 1103 19 8 
£1156 8 2 
Usborne 
Balance of Fund as at 31st December, 1926 ... ; ab 11617 6 


Interest on Investments. (Note : £50 War Stock was purchased during the year 


at a total cost of £51 2s, 1d.) 48 0 

£121 5 6G 

Edward Busk Memorial 

Balance of Fund as at 3lst December, 1926... ops 

£580 4 4 

Patrick 

Balance of Fund as at 31st December, 1926... oo 

£363 7 6 

Wilbur Wright 

Balance of Fund as at 31st December, 1926... 12998 6 1 


£1348 6 1 


We have examined the foregoing six accounts with the books and vouchers of the Funds and find 
3. Frederick's Place, 
Old Jewry, London, E.C.2. 
2ist February, 1928. 
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FOR THE YEAR ENDED 3lst DECEMBER, 1927. 
Memorial Fund. 


PAYMENTS. 
By Prize ... wae 1 5 9 
,, Balance, 3lst December, 1997, being £115 6s. 10d. 5 /, War Stock, 
1929/1947, at cost ace one 116 5 O 
129 7 8 
£130 18 5 
Research Fund. 
By Prize ... 96 5 O 
Balance, Bist December, 1927, being £1048 Lis. 2d. 5 °/. War Stock, 
1929/1947, at cost 1048 18 10 


—— 1180 3 2 


Memorial Fund. 
3y Balance, 31st December, 1927, being £113 Os. Od. 5 War Stock, 


—— 121 5 6 
£121 5 6 
Lecture Fund. 
3alance, 3ist December, 1997, being £284 4s. 2d. 5 War Stock, 
1929/1947. at par see vee eee ee «©2284 4 2 
£245 0s. 0d. 4°/ Debenture Stock Metropolitan District Railway 
530 4 


£580 4 4 


Alexander Fund. 


By Payments to Mr. Alexander 62 0 
3alance, 31st December, being “£337 15s. 3d. 4 Funding 
Stock at cost... : 300 0 0 
311 7 6 
£363 7 6 
Memorial Fund. 
By Professor Prandtl for Fifteenth Wilbur Wright Lecture ee és 50 0 0 
,, Balance, 31st December, 1927, being £550 Os. Od. 4 /. Canada 
Stock, at cost =... 681.10 9 
», £800 0s, Od. 34 /. War Stock, 1925/1928 ose © 
——- _ 1298 6 1 


£1348 1 


them to be correct. We have also veritied the Cash and Investments. 


PRICE, WATERHOUSE & CO. 
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JOURNALS AND PAMPHLETS SUNDRY 


SECRETARY'S 
Journal and Sundry Publications. 
1926. 1927. 

To Stock 3ist December, 1925 396 7 1 
Refunds of Journal payments ... 3.3 #1 619 
,, Printing of Journal and Pamphlets ... 91117 1507 12 3 
,, Postage of Journal Si 41 131 10 
», Journal binding ... 10 3 0 28 6 
,, Blocks for the Journal ... 958 17 7 193 2 4 

Printing of Advance Proofs... = 443 3 
,, Inst. Aeronautical Engineers and expenses ... aye =o 8 8 10 
Sundry Creditors ... 204 9 5 

Printing of Reprints... 3116 0 
Total £1737 18 11 £2501 5 33 


was given in his honour at the Savoy Hotel on Friday, November 4th, 1927, by 
the Royal Aeronautical Society, the Roval Aero Club, the Air League of the 
British Empire and the Society of British Aircraft: Constructors. 


Students’ Section 


A number of successful meetings were held and visits paid during the year 
by members of the Students’ Section. The first meeting was held in January 
on “* The Possibilities of Metal Construction with Special Reference to the Metal 
Skin’ by Mr. R. M. Haves, followed later in the Session by lectures on ** The 
Articulated Connecting Road” by Mr. E. Fearn, ** Recent Developments in the 
Construction of Rigid Airships by Mr. W. T. Sandford, awarded the Usborne 
Prize, ‘* Polar Exploration and Survey by Air’ by Mr. S. Scott-Hall, awarded 
the Pilcher Prize, ** Light Planes’? by Mr, W. E. Gray, and ‘t Aeroplane Design 
in the Light of the Lanchester-Prandtl Theory ’? by Mr. W. S. Farren. 

Visits were paid to the Croydon Terminal Aerodrome, the de Havilland 
Aircraft Works, Messrs. Vickers at Weybridge, and the Felixstowe Air Station. 

In November, 1927, Mr. H. F. Winny, of East London College, took over 
the duties of Honorary Secretary, and a Committee was appointed consisting 
of the following :—Mr. P. G. Thomson, City & Guilds; Mr. E. J. Fearn, Napier’s ; 
Mr. J. N. Richmond, Northampton Engineering College; and Mr. T. Tanner, 
of Imperial College, to arrange discussions and visits. 


Publications 

The Society has had a very active publishing vear. The following papers 
and publications were issued in the vear under review. 

A) Consolidated Subject Index of the Journal, Vols. 1-—30. This index 
covered the years 1897-1926 inclusive. Many articles and lectures are indexed 
under more than one heading, and the particular contents of most lectures have 
been separately indexed to facilitate references. 


A Catalogue of the Books, Periodicals, etc., in the Library. This is the first 
time that a catalogue has been prepared for publication of the books in the 
Society’s Library, and is a preliminary to a larger annotated catalogue which it 
is hoped to bring out in the future under the wgis of the Hon. Librarian, Mr. 


J. E. Hodgson. 
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PUBLICATIONS TRADING ACCOUNT. 
STATEMENT. 


Trading Account. 


1926. 1927 
By Sale of Journals ... is ast 580 2 2 714 14 6 
», Sundry Creditors ... 126 0 Y 
,, Advertisement Revenue ... 400 0 0 400 O 
Journal Binding ... 812 0 6 1 6 
\ », Sale of Advance Proofs ... 13 12 10 16 16 6 
Sale of Sundry Publications... 56 9 8 6116 3 
5, Rebate and Discount... 39 16 6 35 5 7h 
5, Stock C/d ... 889 3 4 493 3 0 
Sundry Debtors for Journal... 8 7 8 
i », Inst. Aeronautical Engineers Sales and Advertisements as 916 9 
,, Balance, loss carried to Income and Expenditure... Re 250 2 5 629 2 9 
Totals £1737 18 11 £2501 5 33 
A List of Members of the Society. This was published before the amalga- 


mation with the Institution of Aeronautical Engineers, and a new list will be 
published in the course of the coming year. 

Rules of the Royal Aeronautical Society with which is incorporated the 
Institution of \eronautical Engineers. The new Rules were passed on December 
29th, 1927, and published in January, 1928. 


The following reprints were published during the vear : 


No. 19. Valve Steels’ by P. B. Henshaw. 
No. 20. ** The Generation of Vortices in Fluids of Smali Viscosity ” 
Dr. L. Prandtl. 
No. 21. ** Recent) Model Experiments in Aerodynamics" by E.G. 
Richardson, B.A., M.Se., Ph.D. 
No. 22 Parachutes by Flight-Lieutenant F. O, Soden. 
No, 23. Satety from Fire in Airships’? by Wing-Commander T. R. 
Cave-Browne-Cave, C.B.E., F.R.Ae.S., A.M.1.Mech.E. 
No. 24. Secondary Stresses in Airship Hull Structures’ by J. F. 
Baker, M.A. 
No, 25. Seaplanes by General A. Guidoni. 
Journal 
The Journal has continued to increase in sales during the year. In 1g27 
its scope was widened and its size nearly doubled. By arrangement with the 
Air Ministry, with the co-operation of the Director of Scientific Research, Abstracts 
of articles appearing in the world’s technical Press and scientific publications 
have been published. 
Secretary 
The secretarial work involved by the increasing activity of the Society has 
been during’ the past vear largely increased by the amalgamation and recon- 
stitution of the Society without any interruption of its normal functions. This 
very satisfactory state of affairs is due to the untiring energy of the Secretary. 
: The drafting of new Rules fell largely upon the Secretary and was a heavy task. 


Beyond his ordinary duties Mr, Pritchard has found time to do two admirable 

pieces of work in the compilation of a ‘* Consolidated Subject Index" (covering 

the first 30 volumes of the Journal) and a Catalogue of the Society's Library. 
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Staff 

The Council wish to especially record their great appreciation of the services 
of the Staff, Miss Olive St. Barbe, the Assistant Secretary, Miss Jarvis, late 
Assistant Secretary to the institution of Aeronautical Engineers, and Miss Todd, 
during a year of great activity. The very considerable increase in the work 
during the year has involved, from time to time, the engaging of temporary staff. 

Miss Barwood resigned her duties to take up work elsewhere on January 
ist, 1928. The Society presented her with a token of their appreciation of her 
services during the vears 1918-27, during which time she had been a member 
of the staff. 


Finance 

The Council have to report that the improvement in the state of the Society's 
finances shown last year has been continued. The deficiency at the end of 1924 
was £2182 1s, 2d., and this was reduced to £1772 gs. od. at the end of 1925, 
to £1199 gs. 8d. at the end of 1926 and to £538 7s. od. at the end of 1927. The 
reduction in 1927 is due to an excess of income over expenditure of £661 2s. 8d., 
the largest excess since the termination of the war. 

Although, in a sense, the financial position of the Society is satisfactory, 
the Council would like to draw attention to the fact that it receives large dona- 
tions and that without these donations the Society is not vet self-supporting. 


Chairman 

At a Council Meeting held in June, 1927, Colonel the Master of Sempill, 
A.F.C., Associate Fellow, was elected Chairman of the Society by a unanimous 
vote of the Council, for the second year in succession. Under the new Rules 
the Chairman became the President of the Society on January ist, 1928. 


Honorary Treasurer 

In May, 1927, Major D. H. Kennedy was appointed Honorary Treasurer, 
and the Council wish to express their appreciation of the advice and = active 
assistance which they have received from him since he took on his duties. 


Honorary Auditor 


Mr. Norman Smith was appointed Honorary Auditor and the Council wish 
to accord their thanks for the advice and assistance he has given in preparing 
the accounts. 


Honorary Solicitors 


Mr. B. Woodard, who has acted as Honorary Solicitor since 1912, has given 
the Society valuable advice and assistance during the current vear, particularly 
with regard to the amalgamation with the Institution of Aeronautical Engineers, 
and the Council wish to place on record their thanks for the services he has so 
freely placed at their disposal. 


In October 1927 Mr. Lawrence Wingfield, the Honorary Solicitor to the 
Institution of Aeronautical Engineers, became a member of Council and. since 
then the Council have had the benefit of his advice and assistance on legal 
questions and wish to record their thanks for the advice and assistance he has 
so freely given. 
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PROCEEDINGS 


SecoND MEETING, SECOND HALF, 63RD SESSION 


A Meeting of the Royal Aeronautical Society was held in the rooms of the 
Royal Society of Arts, John Street, Adelphi, London, W.C.2, on Thursday, 
January roth, 1928, when a paper by Major W. S. Tucker on ‘* The Problem ot 
Noise in Civil Aircraft, and the Possibilities of its Elimination,’? was read and 
discussed. Colonel the Master of Sempill (President of the Society) was in the: 
chair. 

The PRESIDENT, Opening the proceedings, said that Major Tucker was well 
known to the members of the Society as one who had specialised on the investiga- 
tion of noise emitted by aircraft. In 1924 he had lectured to the Society on the 
subject of sound reception for war purposes, and since then he had carried 
out further researches in that direction. During the war he had been engaged 
in work connected with the location of enemy aircraft and enemy guns. The 
problem of eliminating noise in civil aircraft was one of great importance to 
us all, whether inside or outside aeronautical circles. Every form of transport 
suffered, to some extent, from the noise nuisance, but, so far as civil aviation 
Was concerned, it must be admitted by all that it was the greatest nuisance: 
which the passenger had to face. Therefore, if Major Tucker could give such: 
information as would enable us to produce civil aircraft, not necessarily silent, 
but certainly less noisy from the passengers’ point of view, he would be performing 
an invaluable service to them. 


THE PROBLEM OF NOISE IN CIVIL AIRCRAFT AND THE 
POSSIBILITIES OF ITS ELIMINATION 


BY W. SS. TUCKER, A. 


When the complete history of the present period comes to be written, it 
should surely be described as the age of noise, for it is inconceivable that so 
serious a menace to our comfort can be allowed to grow or even continue at a 
time when our standards of comfort are rising in all other directions. We have 
noise in the street, in the factory, in the office—and through lack of satisfactory 
building material from the acoustical point of view, noise in the home, and lack 
of that privacy which the more substantial building of the past has more or less. 
assured, noise everywhere and no serious effort to reduce it. As one mechanical’ 
invention succeeds another a new contribution is made to the orchestra of sounds. 
Reduction of noise almost inevitably involves additional expense. So, in  thess 
days of cheap production, noise must be tolerated. We are supposed to get 
accustomed to these nuisances, even to tolerate them, and in some cases people: 
claim to be unhappy without them. It has been stated that our London troops. 
during the late war were able to endure gunfire with greater equanimity because 
of their normal conditions of living in a perpetual noise. Dead silence is knowr 
to be oppressive—in the habitable places of the earth it seldom if ever occurs. ir 
Nature—but how shall we estimate the evils of perpetual and harassing noise ?' 

The subject of this lecture—the problem of noise in the cabins of civil aircraft 
--is of great importance at the present time, as it is generally acknowledged as. 
a hindrance to commercial development. 


é | 
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Perhaps undue prominence is given to this feature of civil aviation—much 
has been done to enhance the comfort of passengers, and those who habitually 
make journeys by air are not discouraged by their experiences in view of the 
many advantages which rapid journeys afford. Nevertheless, there is room for 
great improvement and certain obvious remedies should be tried. 

Of all problems in sound this is probably the most difficult to solve, and to 
appreciate it fully we must first consider the aeroplane as a source of sound. 

Bear in mind, first of all, that we have to travel in closest proximity to a 
great engine, or it may be two or three engines developing from 600 h.p. to 
1300 h.p.—that these engines convert chemical to mechanical energy by a series 
of rapid explosions, say 4,000 to 5,000 per minute—-that these engines are rigidly 
connected to the structure of the aeroplane and cabin by materials of highly 
sound-conducting character, that the wings, stay-wires and cabin walls are all of 
good resonant materials, that the cabin itself serves as a sound box resounding 
and reverberating in response to every contribution of sound which gains admit- 
tance either through walls, ventilators or open windows. You will then appreciate 
the nature of the problem to be solved. 


The aeroplane as a source of sound is of peculiar interest, and is of highly 


composite character. This is indicated by a microphone record obtained from an 
veroplane in flight, taken at short range as shown in Fig. 1.) Similar records 


MiG.” a. 
Record of Aeroplane Sound-Range Hoo LD Taken in flight. 
showing complexity of sound were obtained by Waetzmann.* The most prominent 


of all the sounds is the engine exhaust, and from the point of view of sound it is 
probably immaterial as to whether the engine is radial or whether the cylinders 
are in parallel or V-shaped banks. Nor does the number of cylinders necessarily 
affect the result—-what is important is the number of explosions per second and 
their intensity. The former determines the frequency of the sound, or more 
correctly the frequencies, since the fundamental note of the explosion hum is 
enriched by a long train of harmonics. It is not unusual to find the lowest note 
of the engine exhaust as F on the musical scale more than an octave below 
middle C of the piano, and we can, by suitable means, identify in the same 
sound the octave above the fundamental, also middle C, the Fo above that and 
so on. The relative prominences of these constituents give the sound its charac- 
teristic quality. Again the nature of the sound is still further affected by the 
air-path by which the explosions reach the ear. This air-path is determined first 
by the exhaust manifold—the metal pipes into which the exhaust gases are 
expelled. If the engine consists of two banks of cylinders, each bank is con- 
nected in general to a common exhaust pipe whose opening is generally situated 
«on either side of the cabin in single-engine machines. For two-engine machines 
the exhaust pipes are arranged on either side of each engine—the engines being 
mounted on the lower wing. The explosions are so timed that these pipes receive 
them alternatively. Each engine, therefore, gives a pair of explosion sources 


E. Waetzmann, Zeits. Tech, Physik., No. 6, p. 171. 
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out of phase by 180 degrees, and with three such engines there are six of these 
sources placed in six different positions relative to the fuselage. In so far as 
these are at varying distances from the observer, their relative contributions must 
vary through wide limits. 

Other types of exhaust manifold produce even greater complications—for 
example the Salmson ring exhaust receives all explosive contributions by vents 
disposed round a ring-shaped pipe and these escape to the outer air by three or 
four vents symmetrically or unsymmetrically placed. Each type of exhaust 
produces its own type of sound and from casual observations it does not appear 
that any considerations of sound reduction have entered into the problem of 
design, 

So far we have dealt only with the acoustical effect of a single engine. 
The combination of two and even three such engines produces further complica- 
tions. If the frequencies of the engine exhausts are not precisely alike, beats 
will be produced. This familiar phenomenon is due to the mutual interference 
of two trains of sound waves of nearly the same frequency, the effect of which 
is to produce a surging of sound of frequency equal to the difference of those 
frequencies. It must be remembered also that beating occurs not only between 
the fundamental notes, but also between the corresponding harmonics, until their 
difference is such that the ear can distinguish each of the beating sources as a 
different note. It need hardly be pointed out that such a serious difference in 
engine speeds, corresponding to this note interval, would not be consistent with 
conditions of safety. Beats would undoubtedly add to the distress of the pas- 
senger, although he would be unable to estimate to what degree. It is more 
probable that variation of beats produces an even greater effect, such variation 
coming into evidence when the aeroplane alters either its height or its course. 

The next source of sound to be considered is the aeroplane propeller. 
Without taking into account the translation of the machine through the air, 
the instantaneous disturbances produced by the propeller must be repeated in 
their entirety in a periodic fashion with a frequency equal to that with which 
each successive blade passes through any given point. A disturbance of this 
definite frequency is thus produced at every point affected by the propeller, and 
their sum total will therefore be a disturbance of the same frequency and will not, 
in general, be of zero amplitude, since the distance between some of the points in 
question will not be small. compared with the wave-length of the disturbance. 
Now if we combine with this the motion of the aeroplane with its propeller source 
through the air, and with all the complications of moving medium due te slip- 
stream and to the various local obstructions, the disturbances at a given point in 
the neighbourhood of the cabin are very complicated. As in the case of the sound 
from the exhaust, the propeller sound is extremely rich in harmonics, giving a 
complete series. This again can be discovered by appropriate instruments. 
l-urthermore, the blades suffer from flexural vibrations in a somewhat complicated 
mode—a type of disturbance which can be overcome to some extent by increasing 
the rigidity of the propeller.* Such a condition might be realised by substituting 
metal for wood. 

By way of illustration we may take an engine giving 1,707 revolutions per 
minute, such an engine giving the fundamental and train of harmonics for its 
exhaust sound of pitches above quoted. A common gearing ratio for engine and 
propeller not directly coupled is about .6, so that the propeller revolutions would 
be 1,024, and the note frequency for the fundamental of the two-bladed propeller 
is about 34 vibrations per second. This note will be almost too low to distinguish 
by ear, but the fundamental and train of harmonics will be represented by the 
lowest C% of the piano, C# below middle C, G® and C# respectively. 


* A, Fage, Proc. Roy. Soc., Vol. CVII., p. 451 (1925). 
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We thus get two series of notes which, when represented by the Helmholtz 


notation, would come in the following order :— 


Propeller ... 
cs 
Exhaust .. 
Propeller ... 
Exhaust... ff 
Propeller ... g 
b 
exhaust... 
Propeller ... cis 


It will be seen, therefore, that the higher harmonics give discords which, if 
the ear were capable of distinguishing pitch in the general din of acroplane 
ssound, would add a further contribution to the unpleasant effect. 

When the aeroplane has a single propeller located in front of the fuselage 
the propeller sound is relatively less important owing to its greater distance from 
the passengers. When, however, two wing-engines are employed, a considerable 
volume of sound is projected on the walls of the cabin. As with the exhaust 
sounds, beats are produced by the propellers of the engines which are a little out 
of tune—beats between fundamental notes, beats of twice the frequency between 
first harmonies and so on. Fig. 3 shows a microphone record of propeller beats 
between the two propellers of a Vickers-Vimy. The intervals between the two 
records in each diagram are respectively two minutes and three minutes, and it } 
will be noted what a big variation in acoustical effect is indicated. When the j 
engines are most nearly in tune the quality of the resulting sound shows most 5 


Variation, 


OF BEATS PROQUCEG BY A VICKERS Viity AEROPLANE 
win 7 WO EACLE Vl ENLINES 


Hl ENGINE REVOLUTIONS FERING BY 18 REVOLUTIONS 
FALLING TO REVOLUTIONS PER 


Fic. 2 


Of the other sounds, relatively unimportant but possibly noticeable because 
of their different quality, the following types may be mentioned. 


| 


As described by Dr. Richardson in his paper before the Society on March 


31st, 1927, the vortices produced by the stay-wires produce vibrations in directions 


perpendicular to the direction of travel. In service acroplanes this is very notice- 
able, but with the modern civil aircraft, carrying severai passengers, the stays 
are of such magnitude as to suffer only small displacements. Nevertheless, the 
anchorages of these wires, being so rigidly connected to the wings and fuselage, 
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form a good means of conveying their vibrations to the cabin and the passengers 
inside, 

Other audible disturbances are the medleys of impulsive sounds due to the 
tappets of the engine and the gearing, and there are also generated at every 
sharp edge, such as the pilot's wind screen and other projections, a hissing and a 
roaring noise to which it is difficult to assign any definite frequency. 

This formidable collection of sounds, audible and sub-audible, must be further 
supplemented by including low frequency structural vibrations due to any out-ol- 
balance condition of engine and propeller systems, and to vibrations set up in 
the cabin by shock excitation. The whole structure, subject to so little constraint, 
undoubtedly has natural frequencies of its own which would make for discomfort 
when in resonance with the above sources. In this matter magnitude and dis- 
position of load as affecting cabin frequency is a consideration. 

Here, then, is an impressive catalogue of nuisances from which it is necessary 
to protect the passenger. 

Let us now consider what that protection is, 

Here the practice varies somewhat. It must, of course, be understood that 
the walls of the cabin must be of light material, as weight is so important a 
factor in the economic running of the service. Some of the cabins have more 
substantial walls than others. An outer skin of light three-ply wood would appear 
to the casual observer as a more efficient obstacle for sound than the extremely 
light fabric walls of some of the aeroplanes employed in cross-Channel traffic. 
On the rigid framework of the cabin, in solid and rigid contact with all the above- 
cnumerated sources of sound, there is an outer skin of doped aeroplane fabric 
capable of reflecting, it is true, a large amount of sound, but constituting, by its 
flexible properties and its strained condition, an efficient secondary source of 
sound. The inner lining of regoid or some such material is scarcely less capable 
of transmitting disturbance, and it is obvious on inspection that apart from 
the more rigid floor of the cabin the most efficient obstacle to sound is the 
window, whether of glass or of some preparation of celluloid, such as celastoid. 
One very fruitful medium for transmitting vibration is the emergency exit. In 
the ‘* Argosy’? type of aeroplane two of these are provided. They consist of 
diaphragms of translucent paper or similar material stretched in such a way as to 
produce a good musical note when tapped. Such membranes recall the experi- 
ments of Regnault and others who employed the device for a sensitive detector 
of sound. Had they been placed in the walls of the cabin instead of the roof, 
they would have been still more effective for transmitting sound to the passenger. 
Further examination of the cabin shows that it bears in its framework, and in 
rigid contact with it, the exhaust pipes of the central engine, thereby ensuring 
the maximum conveyance, by conduction, of the explosion disturbance. — Sur- 
rounding a portion of the exhaust pipe is a hollow jacket by which warm air is 
injected into the cabin. This air inlet, so fully excited by the exhaust explosions, 
constitutes a veritable organ pipe opening into the cabin. As a heating device 
it is simple and apparently highly efficient, but it certainly adds to the many 
disturbances which we wish to eliminate. Wherever an opening occurs, either 
by ventilator, open window or ill-fitting door, sound pours in. It would appear, 
therefore, that the modern cabin, showing wonderful economy in weight and in 
running costs, is very ill adapted for adding to the amenities of travel where 
noise is concerned. 

A simple experiment can be shown to illustrate the sound-screening effect of 
various cabin walls. Three skeleton cubes of seasoned wood having two-foot 
edges are employed to make an enclosure by covering their faces with one of three 
materials :— 

(a) Glass. 
(b) Three-ply wood, 
(c) Aeroplane fabric as an outer layer and American cloth within. 
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One cube face is left open so that the cube, so produced, can be employed as 
a kind of bell jar, its open end capable of resting on sand in a large wooden tray. 
Underneath the cube, and resting on a felt pad in the middle of the tray, a 
ticking metronome is placed in order to form a source of sound. For the purposes 
of demonstration the conditions are a reversal of those given by the aeroplane 
cabin. The source of sound is here put inside the cabin, and the passengers 
outside it are the members of the audience. The very marked difference in 
behaviour of these screening enclosures is obvious to the ear. Another simple 
experiment illustrates the opening of a window as an effective means of letting 
in sound. A cubical box made of mahogany in. thick, supplied with a sliding 
window also of wood, constitutes the aeroplane cabin. The metronome is placed 
on a felt pad in the box and the window can be opened to allow the sound to get 
to the audience—as before the passengers in the model experiment. The very 
marked changes in audibility show themselves most when the box is just opened. 

It is interesting to note that these experiments which are apparently con- 
vincing, are actually very misleading, but they have been shown by way of 
emphasising an important principle. While it is true that for impulsive sounds, 
or sounds of limited duration such experiments are effective, for continuous sounds 
they cease to be valuable, nor can the relative positions of source of sound 
and passenger be safely interchanged to give a correct idea of what takes place. 
It must be remembered that the open window, an efficient inlet, is also an 
equally efficient outlet, and that the effectively screening 3-ply is an equally 
effective reverberant material, so that sound trapped in such an enclosure will 
build up by reverberation until the energy conditions inside and outside work 
towards equality. In this argument one qualifying factor is assumed, that no 
acoustical energy is converted into heat within the substance of the walls of 
the cabin itself. In order to explain the phenomenon of sound within and around 
the aeroplane cabin, it may be fruitful to consider an analogy first propounded 
by Prévost in 1792 to explain the transmission and distribution of radiant heat. 
In his famous ‘t Theory of Exchanges "’ he associated with every body above 
the absolute zero of temperature a power to radiate heat, which power was 
independent of the output of other bodies in its neighbourhood. A flow of 
radiant heat was only supposed to pass from bodies at higher to those of lower 
temperature. Prévost* opened a Profit and Loss account, in which the actual 
transfer of heat was the balance between the two. Exchange of radiation would 
proceed until in any given region equilibrium of temperature occurred. This 
equalisation of temperature would endow the surface of every radiating 
body with a power to return a quantity of heat to the radiating surfaces 
in its vicinity independent of the nature of the surface of that body. 
By way of illustration, a black surface is a 100 per cent. radiator— 
a polished surface a 100 per cent. reflector and a perfectly diathermous surface 
a 100 per cent. transmitter permitting those surfaces, behind which may be radia- 
tors or reflectors, to send back unobstructed their 100 per cent. of radiation. Or 
we may endow these surfaces with capacities for radiating, reflecting and trans- 
mitting totalling to 100 per cent., so that all the radiation received is returned 
to the outer radiating surfaces. Thus a thermometer bulb, made of any material 
whatsoever, placed in an enclosure at constant temperature will take up 
the temperature of that enclosure. The walls of the thermometer may be poorly 
conducting and may be ample in their reflecting properties, but ultimately 
equilibrium will be realised, though some time may elapse before the operation 
is complete. 

Now let us suppose an ideal case in which the region surrounding the 
cabin of the aeroplane is so uniform in acoustic radiation that, to the ear or 
other competent instrument, the intensity of the sound appears to be uniform. 
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One can imagine a property of sound analogous to temperature and can formulate 
a principle that this property, a kind of acoustical potential*—is such that sound 
will pass from a region of higher to one of lower acoustical potential until such 
potentials are equalised. The walls of the aeroplane cabin receiving intense 
disturbance on all its surfaces in equal measure’ will arrive at a state in which 
they will return an equal amount of radiation to that received. If the walls 
are non-reflecting and non-absorbent, they will transmit all radiation and_ will 
equally transmit back all radiation received by surfaces within the cabin. — If 
the walls are capable of being set in vibration they will, again, if non-absorbent, 
act like lampblack in the heat radiation case and radiate back the energy they 
have received. So far the analogy seems to be satisfactory. In Prévost’s presen- 
tation of the theory, however, it was assumed that the surfaces were such that 
no changes occurred other than thermal—for instance, no chemical change 
occurred as the result of thermal radiation, so that heat energy might be con- 
tinuously absorbed and stored up as chemical energy. Even so, chemical changes 
would ultimately become complete, when Prévost’s theory would ultimately hold. 
In the Acoustical problem, however, the ultimate form of energy, as the result 
of viscous forces damping out vibration, will be heat—which can_ itself con- 
tinuously radiate away. For this reason the above qualifications are made, that 
the materials exposed to the sound should be non-absorbent. Thus within an 
aeroplane cabin lined with sound-absorbent material the acoustical potential would 
always be lower owing to this conversion into heat which takes place within 
the material. 


Now let as illustrate this principle by some numerical examples. We will 
make an assumption at the outset that the material of the walls of the aeroplane 
cabin can be expressed as being equivalent to a certain proportion of open 
window, which is a perfect transmitter of sound, and a certain proportion of 
perfectly reflecting material. If sound absorption is negligible these two pro- 
portions should add up to the whole of the material employed. 

Thus as a first approximation 3-ply reflects 97 per cent. and transmits about 
3 per cent. of sound with negligible absorption—it would have 3 per cent. of 
open window equivalent. Special measurements of the properties of aeroplane 
fabric and American cloth combined (as in the aeroplane cabin of the ‘* Argosy *’) 
give reflecting power of 51 per cent., and, neglecting absorption, transmitting 
power of 49 per cent.—-so that it would have an open window equivalent of 
49 per cent. 

We will suppose the windows of the cabin to be of glass—this has an open 
window equivalent of 1.5 per cent. All these values are obtained for a frequency 
of 512, which is a good average frequency for audible sound. 

Suppose the cabin to be of dimensions of the ‘‘ Argosy "’ type of aeroplane, 
and for the sake of simplicity, suppose the floor and ends to be non-trans- 
mitting, as they nearly are. 

The area of the flexible walls of the cabin, supposed to be of the nature 
above described amounts to about 485 sq. ft. This has an open window equivalent 
of 238 sq. ft. 

The area of glass window is 7o sq. ft. and the open window equivalent 
for the whole of this is 1 sq. ft. 

Hence the total open window equivalent is 239 sq. ft. If QO, therefore, is 
the amount of radiation per second entering 1 sq. ft. of open window, the 
amount of sound entering the cabin is 239 Q. 

Now imagine the flexible walls to be replaced by 3-ply wood. Under the 
same conditions with an area of 485 sq. ft. there is now an open window 


* Not to be confused with ** velocity potential.”’ 
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equivalent of 14.5 sq. ft., and the glass windows remaining as before we get 
a total of 15.5 sq. ft. open window, and the sound admitted is now onky 15.5 Q. 

Hence the flexible walls admit 15.4 times the sound admitted by the more 
rigid 3-ply walls. But this does not represent the acoustical conditions inside 
the cabin. 

It has been shown by Sabine that the sound admitted into such an enclosure 
will produce reverberations which will build up to a maximum, and an expression 
has been obtained by Jager* for the rate of growth of sound within such an 
enclosure. 

If F is the energy of sound per unit volume in the cabin, 
A the sound energy emitted per second by the source, 
I’ the volume of the enclosure, 
v the velocity of sound, 
a the average absorption coefficient, 
and s the area of the walls, 
then the maximum value of sound energy per unit volume being /,, the value 
of FE after time becomes 
E=E, (1 —e —avst/4z) 
and that under these conditions 
E,=4Q/avs 
the sound admitted into the cabin will be trapped, so to speak, and will take 
time to die away—in the mean time sound is pouring in at a steady rate, so 
that the actual sound within the cabin, when in a steady state, is the sum of 
that entering, and those contributions from the sound entering earlier, which as 
time proceeds get fainter and fainter at a rate depending upon the transmitting 
power of the cabin walls. (It must be borne in mind that the illustration does 
not assume absorption in the walls). 

Now we get an expression for the ultimate energy of the sound within the 

cabin FE, in the two cases. 


Case i,—Cabin with flexible walls : 
47/05 
as is the open window equivalent since a, the absorbing power of 
open window is considered unity. 
E,=956 Q/239 v=40/v 


Case ti.—Cabin with 3-ply walls: 
E,=4x 15.5 Q/15.5 v=4 Q/v 
Krom this illustration therefore under the ideal conditions quoted in the problem, 
no advantage is gained by substituting 3-ply for the flexible material if the cabin is 
(a) empty, 
(b) non-absorbent, 
(c) ina region of uniform sound intensity. 
Now we will assume that we fill the cabin with 18 passengers. Sabine 
has obtained by experiment the average absorbing power of individuals in an 
audience. His values were for a frequency of 512 which has been taken as an 


average frequency throughout this illustration. He found that each person 
produced a sound absorption equivalent to 5.35 sq. ft. of open window, making 
a total of open window equivalent of 96.3 sq. ft. The amount of sound absorbed 


by the passenger is lost and is converted into heat causing a reduction within 
the cabin of acoustical potential. If E(;) is the sound energy inside the cabin 
of flexible walls, 

E(;)=9560 / (239 + 96)v = 2.850 


* Akad. Wiss. Wien. Ber., 120, 613, 1911. 
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If E(,) is the value for the more rigid 3-ply walls 
F(,) =620 /(16.5 + 96)v =0.5560 
hence under these conditions 
K(,)=0.19k; (about 1/5) 
Here, then, is the very marked ‘advantage resulting from using a cabin of 3-ply.. 

Let us suppose further that we line the two cabins with Balsam wool, a 
very light, but highly absorbent material, whose coefficient has been found to 
be .48 of open window. 

We have an area of surface including all that occupied by the flexible material 
(ignoring the emergency windows) amounting to 239 x .48 sq. ft. of open window 
=115sq. ft. Substituting in the above expressions 
I’, becomes 9560 /(239 + 96 + 115) = 2.130 
and becomes 620/15.5 +964 115)v=0.2740/% 
so that E,=0.13 (about Ith). 


It will be noted that in lining the cabin with Balsam wool no allowance has 
been made for thereby decreasing the transmitting power of the walls. No 
data are as yet available for this, but it may be noted that this quantity would 
reduce the numerator in the expression E = 44 /asv so that the value above quoted 
is a superior limit of the sound in the cabin, and this quantity must be multiplied 
by the factor expressed as a fraction of unity, corresponding to the transmitting 
power of the material used. 

Additional advantage may also be obtained by covering the floor of the 
cabin with a carpet. One of medium weight with a good pile would have an 
open window equivalent of 25 per cent. The floor area is about 150 sq. ft., 
so that the open window equivalent is 37.5 sq. ft. and the values of the acoustical 
energies with this additional provision becomes /;=1.96Q0/v and E,=0.22Q/v. 

A further advantage is therefore shown by the rigid cabin, the sound being 
now 1/gth that in the one of flexible walls. 

The final condition therefore is that the sound within the cabin has been 
reduced by sound absorption to 1/rgth its value for an empty non-absorbent cabin. 

The effects of lagging the two types of cabin is clearly brought, out by the 
the diagram Fig. 4. Here it will be seen how the two empty cabins, supposed 
empty and non-absorbent, start with equal acoustical properties and how by 
lagging with different sound absorbents advantage lies with the cabin having 
poorly transmitting walls. 

Further qualification must be given to the above results in so far as the 
acoustical conditions surrounding the cabin are not uniform, and it is certain that 
the roof of the cabin would receive less acoustical radiation than the walls. Here 
again the numerator would be reduced, without affecting the denominator and the 
above conditions of screening give rather higher values for the intensity of sound 
within the cabin than actually would occur. It must also be stated that  trans- 
mitting and absorbing powers are quoted for a frequency of 512 vibrations per 
second—a frequency for which all the coefficients are known. The values for 
the lower frequency hums which are so prominent should be reduced for trans- 
mission in wood, and would also be reduced for absorbing power, but in a less 
degree. These again tend to give a lower value for the amount of sound in 
the sound-lagged cabin. In all these approximations quoted, therefore, the 
ultimate state of the cabin treated in the above manner and indicating a reduction 
in sound over the non-absorbent cabin as 1/19th is a minimum reduction. A 
value of about (1/20th) is a reasonable one to work on. In order to convert 
the ** Argosy ’’ cabin from its present condition to one giving this reduction of 
sound involves an extra weight in 3-ply of about 280lbs. and with its lining of 
Balsam wool an extra 120lbs., making 4oolbs. extra weight in all. 
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A further consideration in adopting a 3-ply wall rather than fabric is derived 
from the work of Sabine who showed that the time taken for a sound to build 
up in a room was inversely proportional to its total absorbing power, 7.e., its 
open window equivalent. Taking the empty and non-absorbent cabins of flexible 
walls and 3-ply walls respectively—the sound takes 239/15.5=15.4 times as long 
for a 3-ply cabin to build up to its maximum as for a cabin with flexible walls— 
hence momentary impulsive sounds only produce a small effect. 
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This explains why, in a reverberant office, closing a window will give relief 
from short period harassing noises. 

Lagging a cabin for sound absorption will reduce reverberation, and sound 
will build up to its maximum more quickly. The ear will get a more truthful 
reproduction of any change in an external source, but the observed intensity 
will also be reduced in the lagging to so great an extent that it will cease to 
be a nuisance to the observer inside. 

Now let us consider the passenger as the receiver of this disturbance. — It 
may be stated at the outset that the amount of sound his ears will receive will 
give him a sense of discomfort. The well known curve of Harvey Fletcher* 
showing the limit of guditory sensation and the sensation of feeling—‘* the dis- 
comfort line,’’ so to speak, anticipates sounds of such magnitude that exposure 
to them is painful. It is difficult to say what proportion of all the constituent 
sounds above referred to come in this category. The passenger tends to lose 
sense of pitch, but is probably most conscious of the very low frequency hums 
of the propeller and the lower notes of the exhaust. According to Mayer} these 
low notes will exert a masking effect on the higher frequency sounds, and although 
Wegel and Lane{ do not support Mayer's theory for the weaker sounds, they 
admit that such masking does occur for sounds of great intensity. That the 
high frequency sounds are not absent is abundantly shown by a very simple 
experiment. If the listener cups the palm of his hand over his ear, so that he 
makes an opening between one edge of his hand and his head he makes a 
resonator which he can tune by altering the size of the opening. Sounds of 
frequency from 250 to over a 1000 vibrations per second can thus be amplified. 
As tested in the ‘f Argosy ’’ cabin, so great is the magnification produced that 
these higher frequency disturbances rise to a scream in the ear, and can them- 
selves become deafening. 

The masking effect of the low frequency is thus overcome. Variation of 
this resonating cavity does not reveal any sounds of predominant frequency, but 
it is evident that there is abundance of high frequency sound and that the general 
effect on the auditory nerves is compound of that of all the frequencies, so that 
it is difficult to say to what degree each is responsible for the general discomfort. 
My own impressions are those of discomfort from the low-pitched sounds coupled 
with that intermittency in loudness which is due to beats. 

A very useful protection is afforded by the cotton wool plug supplied by 
the Imperial Airways Company. Here, the absorption is most definite in’ the 
high frequencies. A complete blocking of the ear passage can be produced by 
small spherical pellets made of ivoroid or similar material, by which all sounds 
should be reduced without reference to frequency, but there is not so much comfort, 
and objection might be made on hygienic grounds. 

A very fruitful source of disquietude to the inexperienced traveller is the 
production of the beat and its variation, Fig. 2. Such a passenger, subject 
only to constant disturbance would, no doubt, gradually accustom himself or 
herself to the sense of being deafened, and would have no anxiety as to the 
movements of the aeroplane. But when the engines get out of step, so that they 
alter their beats from say, 1 in 5 seconds to 2 a second, the enormous change 
in the sound effect cannot but attract attention. If the engines could, by any 
means, be synchronised or be kept running constantly though at different speeds, 
that source of discomfort would be removed. We have, as yet, no experience 
of the effect on the nervous system of intense low frequency disturbance, and 
although the variation of beats may cause mental disquietude—it is conceivable 


* Journal of the Franklin Institute, 198, p. 720, 1922, and 196, p. 289, 1923. Journal of 
the Roval Aeronautical Society, 28, p. 504, 1924. 

+ Phil. Mag., Vol. I1., p. 500, 1876. 

{ Wegel and Lane, Phys. Review, 23, Serics 2, p. 266, 1924 


| 


196 W. S. TUCKER 


that slow beats of uniform frequency may cause an effect also. Our own bodies 
with their systems of blood circulation, are subject to periodic disturbance due 
to heart action. The projection of the blood from the heart gives the body a 
definite periodicity, and it is conceivable that the vibrations due to intense beats 
-of frequency, equal to, greater or less than that of the heart beat can exert 
an intensifying, an accelerating or a retarding influence on this operation. In- 
vestigations on these lines might be of interest to the physiologist or the patho- 
logist. 

One other effect must not be ignored. The whole structure of the aeroplane 
cabin is in a state of vibration of lower frequency, a vibration that can be felt 
but not heard. Such disturbance can be communicated to the brain via the 
feet, or by any part of the body in contact with the vibrating surfaces. The 
psychological effect of this continuous vibration must not be ignored. Tribute, 
however, can be paid to the cabin furnishers, whose seats are well designed 
to minimise this effect. The cushions in the ‘t Argosy *’ are such as to reduce 
jarring and vibration to a minimum, although disturbance will be transmitted 
through the feet. 

A few words must be said about the power of the listener to judge of 
any effect produced by silencing engine or cabin. It has been stated that auditory 
sensations can be expressed as logarithms to base 1o of the intensity values, so 
that regarding 10 units of intensitv as 1, 1,000,000 units would be expressed 
by the number 6. In a former paper to this Society* I referred to the work 
which had been done on this subject. All that need be said in this connection 
is, that unless the effect of sound absorbents is very drastic, one is apt to be 
disappointed with the result. 

In the case above quoted, where cabin sounds could be reduced to 1 20th 
by sound lagging, it is of interest to compare by ear the relative intensities of 
sources which bear the ratio of 1 to 20. A loudspeaker can be set up, whose 
output can alternately be made of intensities 1 and 20 units, and it will convey 
some idea of the improvement to be expected. This experiment, carried out 
in a room, requires members of the audience to be still while these successive 
sounds are produced. ‘The movement of any one member will alter the distribu- 
tion of sound in the room to such an extent that no single individual can make 
a true aural comparison. The conduct of this experiment involves a new process 
-of calibrating microphones due to Dr. FE. T. Paris and by using microphone 
control a very accurate ratio can be given. 

The silencing of engine exhaust for aeroplanes has had a certain amount of 
attention, but from my observations on the aircraft at Croydon and elsewhere, 
I have seen no serious attempt to employ anything effective. The problem 1s 
very difficult owing to the increase of weight involved, together with possible 
‘decrease in power. Only partial silencing can be realised with so complex an 
exhaust pipe system as that employed. 

Two types of silencer may be described, although neither has come inte 
effective use in aircraft. The first works on the principle of baffling the escaping 
gases so that pressure changes resulting from the escape of high pressure gases 


are made more gradual at the mouth of the exhaust pipe. This is accomplished 
by the introduction of baffles or by causing a succession of breaks in continuity 
in the cross section areas of the exhaust pipe system. An effective silencer for 


a marine engine of this type is described in Engineering, April, ig21, but its 
weight is quoted against its adoption for small craft. How much more valid 
would such an objection be when applied to aircraft! A very simple one is, 
however, employed to a limited extent especially in aeroplanes employing 
‘* wireless.”’ In this case the open end of the long straight exhaust pipe is 


* Journal of the Royal Aeronautical Society, 28, p. 504, 1924. 
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sealed up, but the wall is perforated by small holes through a considerable pro- 
portion of its length giving in the aggregate a more than sufficient outlet. It 
is claimed for this system that it enables the wireless operator to work 
in wireless reception over much greater ranges, owing the reduction 
of disturbing noise when listening in telephones. The chief objection to 
such baffled silencers is loss in horse-power, but in this case such loss is estimated 
as a fraction of 1 per cent. of the total. 

Another type of silencer put forward by Whately Smith and described by 
Hooton* depends on the principles of interference. Here the baffling effect is 
negligible. 

If the exhaust pipes of the two banks of engines be connected together 
so that the gases can escape by a single vent, there will be elimination more 
or less complete of the fundamental note, together with the 2nd, 4th and even 
harmonics. As already stated, the explosion fundamentals from the two exhaust 
pipes are 180° out of phase, so that there would be destructive interference 
of the two sounds. The same applied to the above harmonics. The absence 
of fundamental in the engine sounds for all the engines results in the elimination 
of the beats between these sounds. The slowest beats, which may be the most 
prominent, are thus got rid of for exhaust sound only, as also those of the 
harmonics referred to. 


APPARATUS — 


TO LLUSTRATE PRINCIPLE OF” ELIMINATION 


OF THE COO HARMONICS /N ENGINE EXHAUSTS. 


Fic. 4. 


Further elimination of exhaust sound has been suggested for internal combus- 
tion engines of this type, which make use of an interesting experiment of Quincke’s, 


to show destructive interference of sound. An effective demonstration of this 
case can be thus given. A diaphragm set into vibration by an electrical acoustic 
oscillator produces a sound of frequency 512 per second. The diaphragm closes 


the end of a short tube, which divides two lateral branches as shown in diagram 
(Fig. 4) the branches combining again at a common exit. One of the branches 
can be extended so that the length of path between diaphragm and exit can 
be lengthened. Sound passing along the two equal branches escapes at the 
exit tube with full intensity-—the contributions of the two branch pipes being 
equal both in phase and intensity. On lengthening the pipe, however, by half 
a wavelength of the sound, the two components are of opposite phases and 
the sound is destroyed. The same effect is produced on sounds of wavelengths 


Hooton, The Engineer, June 9th, 1922. 
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1/3rd, 1/5th and 1/7th, etc., of the above values, since these conditions of 
phase difference are again realised. Applied to the common exhaust pipe above 
referred to, a contrivance of this character will eliminate a great deal of the 
sound which has not already been destroyed by the simple operation of combining 
the two exhaust pipes as above described. 

Enumerating the various exhaust sounds quenched in this manner it will 
be seen that the operation of combining the two exhaust pipes at their open 
end eliminates the fundamental F,, the second and fourth harmonics, ete, c', 
a', etc., and the effect of introducing the branched tube is to destroy the first 
harmonic f and the fifth harmonic c. One more important harmonic the 3rd 
still remains and this again could, if necessary, be filtered out by the employment 
of a second branched tube of appropriate length. 

The only difficulty in this operation is to choose the correct length of branched 
tube, which depends on the temperature of the issuing gases and can only be 
found by trial. The method further assumes that the engine revolutions are 
constant, for the silencing fails for the branched tube if the note alters. 


Fic. 5. 


One of the chief disabilities of the passenger is that of being unable to 
converse, in fact, so great is the disturbance that he cannot hear his 
own voice. Various attempts have been made to render intercommunication 
possible. Employments of electrical methods using telephone transmitters and 
receivers involve the use of special equipment including a flying-cap fitted with 
telephones. To leave the mouth free, the ordinary transmitter may be replaced 
by a laryngophone—which is a transmitter fastened to the neck near the larynx. 
This instrument, however, has shown itself to be on occasion insensitive, or 
incapable of giving good articulation. 

For passengers making occasional trips, and not wishing to wear the 
harness of the electrical devices, a much simpler device is the ordinary speaking 
tube. One of this type was employed by passengers during cross-channel flights 
on the Imperial Airways ‘‘ Argosy,’’ on October 14th and 16th of 1927 and 
was very favourably reported on. The form of mouth piece and ear piece is 
shown in Fig. 5. On this occasion two separate tubes were employed bound 
together. Although very little sound losses resulted when speaking, the passenger 
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suffered through not being able to hear his own voice, and as a consequence almost 
invariably spoke too loudly. This device has been replaced by a single tube 
with each end terminated by a mouthpiece and earpiece, so that the passenger 
can hear himself and modulate his voice correctly. It is found that conversa- 
tion can be carried on by the voice speaking more quietly than under normal 
conditions, The tube is made of aluminium spiral, rubber sheathed and_ silk 
braided, and is extremely light and flexible. 

So far this paper has dealt with the most recent type of aircraft, 
the ** Argosy.’’ Reference, however, must be made to an exhaustive study of 
noise conditions in various types of aircraft by Mr. Whately Smith, on behalf 


of the Air Ministry. Journeys across the channel were made on three Handley 
Page aeroplanes, the W.8., the ‘* Hamilton ** and the ‘* Hampstead,’’ and the 
De Havilland aeroplanes D.H.34 and D.H.50. The cabins of these yielded 


varying amounts of noise. One feature of the investigation was the employment of 
stethoscope sounding dgvices, by which variations both in walls and structure were 
Jocated and qualitative observations were made on the character of the sound. 
A similar device has been described for locating noises in car engines by Noel- 
Storr.* It is unfortunate that no instruments have been produced which can in 
any way measure acoustical effects over the ranges of sound affecting the ear. 
Those which have been put forward by Webster} and others either do not lend 
themselves to employment in aircraft or give spurious and most misleading 
effects due to resonance. In the investigation above referred to, various 
recommendations have been submitted, some of which have been enumerated 
in this paper. In addition, considerable importance is attached to the insulation 
of the aeroplane cabin from the engine sounds by the employment of shock- 
absorbing washers consisting of pads of rubber, mascolite, or various felt prepara- 
tions. Recommendations of this sort are put forward with some diffidence, because 
of the necessity for safe and rigid construction. 


In conclusion, it must be stated that unless some completely new method 
be used for generating power, and of moving the acroplane through the air 
without the aid of propellers, the passengers cannot be provided with journeys 
free from a certain amount of noise. So complex is the source, so various are 
the methods whereby its disturbance reaches the passenger, that no single drastic 
and perfectly adequate specific can be suggested to cure the evil. 

The improvements above suggested will each afford some relicf, and those 
of immediate use include the treatment of the cabin with sound absorbent materials. 
Whether we silence the engine, lag the cabin walls, insulate the cabin, 
or introduce some ventilating system which does not give sound free access to 
the interior of the cabin, every specific for reducing sound means some addition 
to the load and increase in running costs. Nevertheless, it is submitted that 
the amenities of air travel may be so greatly improved, that any attention given 
to the various points referred to in the paper will be more than justified. 

Some of the investigations on the subject of Cabin Silencing referred to 
in the above paper, have been carried out by the Acoustical Section of the 
Air Defence Experimental Establishment, with the aid of funds provided by 
the Department of Scientific and Industrial Research. 


The author also wishes to acknowledge help from Dr. E. T. Paris and Mr. 
Whately Smith, to both of whom reference has been made. 


* Noel-Storr, Silencers for Marine Engines, Engineering, April, 1921. 
+ Webster, Nat. Acad. Sct. Proc., 5, 178, 1919. 
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DiIscussION 


Mr. H. E. Winpreris (Director of Scientific Research at the Air Ministry) 
said that the problem of attaining silence in civil aircraft was one of the most 
baffiing that any man could undertake to solve; there were so many sources of 
sound, and so many resonators. It was true that in certain conditions sounds 
could cut themselves out. The rather elaborate calculations made by the very 
ingenious method illustrated by Dr. Tucker had indicated that under certain 
conditions it was possible to reduce the sound by something like 95 per cent. 
Phat sounded a most hopeful estimate. He was not quite clear, however, whether 
the user, or series of users, who had had experience of the effects of this reduction 
by g5 per cent. had really given the method a clean bill of health. Had this 
theoretical figure of g5 per cent. really been borne out in practice, not from 
the experimenters’ point of view, but from the point of view of the users whose 
pleasure the experimenters tried to serve? No doubt Dr. Tucker could recall 
many instances in which users had expressed satisfaction, but his modesty so 
far had prevented him from proclaiming them. He asked Dr. Tucker, however, 
to drop that modesty as far as he was able. Finally, he said that he imagined 
the ideal would be for Dr. Tucker to have placed at his disposal an aeroplane 
large enough to carry him and his staff, as well as his apparatus—his existing 
apparatus was remarkable, and much of it was due to his own inventive genius 
so that he could carry out his experiments under actual flying conditions, as 
well as on the ground. Dr. Tucker ought to have such a flying laboratory ; 
he (Mr. Wimperis) was trying to get him one, and) believed he would be success- 
ful. All he asked was that Dr. Tucker should return the laboratory in perfect 
condition when his experiments were concluded. 

Major F. M. Green said that Dr. Tucker had examined the conditions that 
occur inside the cabin. He had shown conclusively that in order to minimise 
inside the cabin the effect of a noise outside, it was better to use reflecting walls 
such as three-ply or glass rather than fabric walls. Dr. Tucker also pointed 
out that the noise inside the cabin might be caused by vibrations transmitted 
from the rest of the aeroplane. Is it not possible that for noise caused in this 
way rigid walls might be very much worse than the fabric walls? The present 
tendency in motor cars is to cover saloon bodies with fabric and not with metal 
panels, and it is generally supposed that as a result the car runs more quietly. 
The noises in a car come partly from the engine and transmission and partly 
from the vibration caused by the bumping of the wheels over the ground. It 
is quite possible that in the car the noises caused by bumping are more important 
than engine noises, because engines are generally well silenced, and that may be 
the reason why Dr. Tucker had attached more importance to the external noises 
in an aeroplane than to the vibrations coming from the engine and airscrews 
into the cabin. 

Mr. MratinG said he had been asked by Sir Sefton Brancker (Director of 
Civil Aviation) to express his regret that he was unable to attend the meeting, 
and to emphasise the importance he attached to the subject of eliminating noise. 
With regard to Major Tucker’s statement that one could not secure a decrease of 
noise without bringing about an increase in weight; he pointed out that if the 
weight of the machine were increased, the pay load was decreased. The success 
of the commercial machine depended very largely upon its pay load, and the 
effect of reducing the pay load of such a machine, therefore, would appear 
to be very serious. At the same time, all who were concerned with the manage- 
ment of any form of transport service were learning that the comfort of the 
passengers must be one of the first considerations. That applied to aeroplanes 
as to other forms of transport, and it seems necessary, therefore, that working 
un those lines some part of the pay load will have to be sacrificed to the comfort 
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of the passengers. Aircraft designers of the future are asked to remember that 
point very carefully indeed, in the interests of flying generally and of all concerned. 

Dr. A. H. Davis (National Physical Laboratory) sympathised with Major 
Tucker in having to deal with such a difficult subject, for it seemed to him that 
in aircraft one experienced the maximum production of noise and the minimum 
facilities for suppressing it. Discussing the merits and demerits of canvas and 
three-ply wood in the construction of a cabin, he said that although canvas would 
be transparent to sound, it might not drum so readily three-ply wood, 
and he asked Major Tucker whether, if three-ply wood were substituted for 
canvas to reduce the noise coming through the air, there was likely to be any 
appreciable increase of the noise arising from the structure. 

Wing-Commander T, R. Cave-Brownr-Cave expressed surprise at Major 
Tucker’s conclusion—which, of course, he would not presume to contradict— 
that the exhaust was the most serious offender. He asked how many of those 
present had had the dual experience of hearing an airscrew being spun by an 
electric motor, the motor being to all intents and purposes silent, and then hearing 
an engine in a test house, on the Froude brake, which was silent. His own 
impression was that the airscrew was by far the more noisy factor. One fact 
which supported this view was the marked extent to which the noise emitted by 
an aeroplane was vectorial; there being great difference between the maximum 
when one was within the plane of the airscrew and the minimum when one was 
in the direction of the axis of the airscrew. Did not the fact that the noise 
one heard depended so much upon one's position in relation to the airscrew 
indicate that the airscrew was perhaps the worst offender ? 

Dr. Ricuarpson, referring to the possibilities of insulating the cabin from 
the low-frequency vibrations—the vibrations which were actually transmitted along 
the cabin, the exhaust pipe, and so on—and the difficulties mentioned by Major 
Tucker in regard to the insertion of a soft material between the layers of the 
structure, inasmuch as that would reduce the rigidity of the structure, asked 
if it would not be possible to use rigid but discontinuous material for that purpose. 
He suggested, for instance, the use of lavers of material such as used in the 
foundations of buildings for insulating them from vibrations. Discontinuities 
could be provided for by fixing bolts both from the inside and the outside of the 
structure, the bolts being of such a length that they would not penetrate the 
full thickness of the material. 

Mr. F. Hanpvry PaGe said that the paper was a valuable one on a subject 
which must be dealt with if we were going to make civil aviation a success. 
He personally considered that one of the great drawbacks to civil aviation was 
the tremendous amount of noise and discomfort which a passenger has to put 
up with—and the passenger generally paid double the amount of the first-class 
railway fare in order to do so. On various occasions, when travelling as a 
passenger between London and Paris, he had made many observations as to the 
effect produced upon a passenger when sitting in different parts of the cabin. 
In a twin-engined machine, when seated in the cabin between the two propellers, 
one experienced a difference in beat between the two engines, which resonated, 
caused a drumming sound, producing a headache which persisted for a long 
time. If one sat farther back in the cabin, where there were no exhausts from 
the engine, one invariably found that the noise persisted most in the ear on 
the side nearest to the engine; i.e., if one were sitting on the right-hand side 
of the cabin the noise would persist the longest in the right ear, and would 
probably persist even to the next day. If, on the other hand, silencers: were 
provided, and were carried back well behind the rear of the cabin, one would 
not experience much trouble, and within an hour or two after alighting all the 
trouble would have passed away. If one travelled in the cockpit, particularly 
if Napier engines were used, one found that the gears screamed loudly, and gave 
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off a shrill note, which would cause very acute discomfort, even if the ears were 
wadded with cotton wool. He had noticed the same effect, though to a lesser 
degree, in a twin-engined machine using Rolls engines; in that case the note 
was lower. It seemed to him, therefore, that a good deal of work might still 
be done in endeavouring to reduce the mechanical noises from the engine, which 
noises one would be quite certain to notice if they occurred in a motor-car, which 
was driven at a slower speed, was provided with adequate silencing, and had 
no propeller. The first thing to be tackled, he considered, was the question of 
gears. When the note was low in the gears, the beat which occurred in the 
propeller sound intensified, and one was apt to notice that more than anything 
else. 

The question for Major Tucker to determine was how much _ horse-power 
coming out through the exhaust, and via the propeller on to the air, a human 
being could actually stand. If one were able to reduce the power installed in 
the aircraft per passenger, there would be less noise per passenger, and very 
much more comfort. Incidentally, the aireraft would be more efficient, and, pre- 
sumably, would pay better. 

The only time when one really enjoved flying, on the route to Paris, was when 
on a summer evening, if the pilot were thoughtful for his passengers, he would 
throttle down and fly at a height of about 50 feet along a part of the French 
coast where there was a long stretch of sand. One enjoyed comfort on such an 
occasion. Probably under those conditions the horse-power per passenger was 
very considerably reduced, and therefore the sound from the propeller and 
from the engine was also greatly diminished. He did not know whether Major 
Tucker, in the course of his experiments in his flying laboratory, would be 
able to find out with what lessened horse-power and with what diminished power 
from the engines he could ensure a fairly comfortable journey for his passengers. 
If he could do so, and could take that as a kind of datum line, he would then 
be able to find out whether aircraft designers could produce machines employing 
only that small amount of horse-power per passenger, instead of continuing the 
unwarrantable misuse of engines which occurred at the present time, from the 
point of view of the comfort of passengers. That was a thing which might 
be looked into, and he offered it as a suggestion. In thanking Major Tucker 
for his paper, he expressed the hope that in the near future Major Tucker would 
be able to publish some further results of his investigations. 

Captain W. H. Savers thought that only a small proportion of the sound 
in an aeroplane cabin was radiated, and a large proportion was transmitted. 
He might be a little abnormal, but he could not sleep in most aeroplanes to-day, 
and undoubtedly that fact was due to the vibration transmitted through the 
structure of the aeroplane. With the long exhaust pipes used to-day, he did 
not think the exhaust beat would worry the passengers very much, 

Dr. THURSTON said it seemed to him that the problem of noise in aeroplanes 
should be considered from two points of view—the comfort of the passenger, 
and the effect on the person on the ground. Dealing with the matter from the 
point of view of the comfort of the passenger, he pointed out that in the most silent 
type of motor car to-day great care had been taken to isolate the saloon from 
the chassis. In the case of the Gordon England saloon—which he believed was 
the most silent of all—the saloon was isolated from the chassis except at three 
points, so that there was no transmission of vibration from the chassis except 
at those three points. With regard to the radiant energy, or the sound which 
came through the air, the obvious thing to do for the comfort of the aircraft 
passengers was to insulate them as much as possible by using surfaces which 
would transmit the minimum of energy through them, but care must be taken 
to reduce the extra weight to the minimum. Dealing with the problem from the 
point of view of the person on the ground, he said it seemed a mercy, from 
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a defence point of view, that aeroplanes did make so much noise. It was an 
ill wind that blew nobody any good. It was appalling to contemplate the diffi- 
culty of defending ourselves against aerial attack at night if the machines were 
perfectly silent. What was wanted, therefore, was not so much to reduce the 
noise as to shield the passengers from its effect. 

Mr. C. G, COLEBROOK, comparing twin-engined and single-engined passenger 
machines, said that every twin-engined passenger machine in which he had 
travelled had been extremely noisy, and he was sceptical whether one would be 
able to travel in real comfort even if the noise were reduced to one-twentieth 
its present intensity. The single-engined passenger machines in which he 
had travelled, on the other hand, were very comfortable, particularly the latest 
type, the D.H.6r. It had a powerful engine—a Bristol Jupiter radial, ot 450 
horse-power—and the degree of comfort attained inside the cabin was a distinct 
improvement on other machines with which he was acquainted. He asked whether 
Major Tucker considered that this was due to the fact that the engine being 
in the nose, the machine itself absorbed much of the sound, or whether the 
fuselage area itself cut off the sound from the cabin, or whether it was due 
to the use of an extended exhaust pipe, carried back behind the cabin, or to 
a combination of these causes. The marked difference between the nose of 
an engine on a wing or one in the nose of the fuselage suggested that the section 
of the fuselage between the engine and the cabin bulkhead was an efficient 
sound shield. 


Mr. Wiatery Suiri said that when he had carried out test fights in civilian 
machines the noises which annoyed him most were high-pitched screeches. He 
agreed entirely with Mr. Handley Page’s remarks as to reduction gears, for 
he had definitely located an extremely irritating noise proceeding from the reduc- 
tion gear of a Rolls engine on a W.8.b. Different people were affected by 
different types of sound, and designers of aeroplanes, when considering this ques- 
tion of noise, must cater for people of different temperaments and different sensi- 
bilities. The question of propeller sounds had been carefully studied, and was 
certainly taken into account by a conference at the Air Ministry which was 
considering the possibility of designing a specially quiet cabin. He agreed also 
that the structure of a machine was liable to act as a sounding board in respect 
of noises issuing from the engines and propellers. Finally, referring to the 
method of construction of Weyman saloons for motor cars, he said that the 
use of fabric instead of metal panels was adopted, not for the purpose of reducing 
noise in the sense that Major Tucker was dealing with it, but because it was 
less liable to rattle and squeak after long service. 

A Spraker said that the device brought forward by Mr. Mallock—with 
whom he had long been associated—for the purpose of ameliorating the effect 
of gun shock upon the ear had been the subject of experiment by the Air Ministry 
in cases where a great deal of the trouble was due to concussion on the side 
of the head, and not directly through the ear itself. Whilst he agreed that 
the devices referred to by Mr. Tucker might be quite good, it seemed to him 
that the Air Ministry were on the right track in seeking to protect the whole 
of the ear and not merely the opening. He believed something advantageous 
would come out of the experiments. 


Air Vice-Marshal Sir Serton BRANCKER (communicated): The author does 
not touch on the question of metal construction. I would very much like to 
hear the author’s views on metal walls for cabins instead of three-ply. 1 would 
suggest also that the author takes an opportunity of flying in the ‘* Caleutta ”’ 
as soon as she is in commission. Silence is such an indefinite statement that 
it is extremely hard to incorporate a demand for silence in the specification for 
a commercial aircraft. I do not think all the attention ‘possible has been paid 
in the past’ to obtaining silence, but we are progressing, and, in my opinion, the 
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‘* Argosy ’’ is better than the W.8 and the W.10; and the ‘‘ Hercules ’’ is 
better than the ‘* Argosy.’’ I should very much like to hear a construetor’s 
view on the possibility of ‘* dulling ’’ the sound and vibration which passes 
along the various members from the engine to the cabin. 

The Presipenr asked Major Tucker if he proposed to carry out experiments 
for the mounting of engines by flexible means in order to insulate the engines 
from the structure of the machine. He also asked if it was proposed to analyse 
the noises which passengers had to contend with in the cabin of a machine. He 
also suggested that it might be possible, with the aid of the Department of 
Civil Aviation, to arrange for Major Tucker to carry out tests on some of the 
foreign machines—as, for instance, on the Junker and Dornier metal mono- 
planes—because one often heard how superior in quietness some of the foreign 
commercial machines were to our own. ‘The remarks which had been made with 
regard to the question of silencing reduction gears would draw attention to the 
possibilities of the slipper type of reduction gear, which was now being tried 
on a Jupiter engine, and which would appear to be more silent than any other 
tvpe of gear normally in use. 


REPLY TO DISCUSSION 


In reply to Sir Sefton Brancker, the W.8 is one of the five aeroplanes on 
cross-channel service 1925-6, which were tested and it was described as having 
the noisiest cabin of the group. Of the W.10 we have no experience. No 
reference was made in the paper to the question of metal construction for aero- 
plane cabins. In this case the screening is almost perfect, but the metal may be 
so thin as to act as a diaphragm in which vibrations are not so readily damped 
out as with the three-ply walls. A great deal depends on the lagging of the 
metal walls, which would overcome this disadvantage. 

In reply to Mr. Wimperis, the case of silencing worked out mathematically 
was given by way of illustration, and does not produce the results of actual 
experiment. The conclusions arrived at, however, are perfectly sound as they are 
based on work of Sabine which has been checked experimentally. 

The application of the principle described to civil aircraft has not been possible, 
requiring, as it does, exceptional facilities which have not been available. As 
Mr. Whately Smith pointed out, recommendations were put forward by us at 
an Air Ministry conference, and it is believed that these have been incorporated 
to some extent in the construction of a new seaplane—the ‘‘ Calcutta.’’ The 
new ‘“‘ flying laboratory,’’ which it is hoped will soon be available, would serve 
for the testing of any new instrument for measuring noise, and when such an 
instrument is produced more satisfactory measurements of cabin sound can be 
made. 

In reply to Major Green and other speakers, the transmitted noise from the 
engine along the cabin walls is certainly greater than with flexible walls, if 
the sources of sound are in intimate contact with them. Noises like those of 
tappets and gears would be more prominent unless good insulated mounting 
is used. In the ‘* Argosy "* type, however, and with double engine machines, 
the wing structure does not give so good a channel for vibrations to pass as 
would occur for an engine mounted on the fuselage itself. The propeller noise 
is generated in the air and arrives at the cabin walls chiefly by air-borne rather 
than by structure-borne waves, and the same may be said about a large part of 
the engine exhaust. 

In reply to Wing-Commander Cave-Browne-Cave, the relative importance of 
exhaust and propeller sounds is rather difficult to estimate. Tt is my belief that 
with engines unsilenced, as they are in the ‘* Argosy,’’ the total sound output 


for all aspects is greater than for the propeller. For the purpose of microphone 
recording the acoustical output is of the same order of magnitude, 


| 


THE PROBLEM OF NOISE 1N C1V1L AIRCRAFT 205 


In reply to Dr. Richardson, the employment of insulation of the type he 
suggests has been advocated. 

The physiological effects observed by Mr., Handley Page are very interesting 

of this | have no experience. With regard to the noise of gears, a good 
deal of advantage would be gained for an engine mounted on the fuselage, if, 
aus in the case of the ‘* Argosy,’’ there was a section of cabin between the engine 
and the cabin bulkhead. This point was raised by Mr. Colebrook. 

The value of horse-power per passenger giving limit of tolerable sound would 
be very difficult’ te measure, human beings having such varying sensibilities. 
Obviously, sound comfort was closely related to horse-power, and persons 
ving in small machines would realise the benefit. The psychological test which 
Mr. Handley Page advocates would be very interesting to carry out; it has 
already been done by Harvey Fletcher, but only with loud telephone sounds. 

Captain Sayers’ view does not coincide with mine, but I agree that sleep 
might be more interfered with by vibrations communicated to the subject mechani- 
cally, and tn modern aircraft, especially triple-engined machines, there is, of 
course, much more disturbance of this kind. The uses very. short 
exhaust pipes in the wing engines—longer ones would no doubt reduce the sound 
to some extent. 


Dr. Thurston's remark on the desirability of insulating the cabin from the 
structure is fully concurred in and if there is no constructional difficulty it is 
strongly advocated. 

In reply to the President, an opportunity of trying foreign machines would 
be welcomed as a claim has been made that these are quieter than the British. 

The analysis of noise in the aeroplane cabin is extremely difficult, as at 
the present time no instruments have been produced capable of doing this work. 


Proposing a vote of thanks to Major Tucker, the President said the members 
of the Society were grateful to him because not only had he shown where 
the trouble lay, but he had also indicated how we should effect an improvement. 
They were also indebted to him for the trouble he had taken to provide the 
varied apparatus for the purposes of demonstration. If civil aviation was to 
prosper the noise problem must be energetically tackled. 
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PROCEEDINGS 
E1GHTH MEETING, First 63RD SESSION 


The Eighth Meeting of the Sixty-Third Session of the Royal Aeronautical 
Society (with which is incorporated the Institution of Acronautical Engineers) 
was held in the Theatre of the Royal Society of Arts, 18, John Street, Adelphi, 
W.C.2, on Thursday, December 15th, 1927, when Major F. A. Bumpus, B.Sc., 
Wh.Sch., A.R.C.Sc., F.R.Ae.S., read his paper on The Development of 
Torpedo-Carrying <Aircraft.’’ Colonel the Master of Sempill (President of the 
Society) was in the chair. 

Colonel the Master or Sempitit: I am quite sure that Major Bumpus will 
need no introduction to you. He held a very important position in the Technical 
Department of the late R.N.A.S., and later of the R.A.F. After leaving the 
Service he joined the Blackburn Aeroplane Company as chief designer. This 
Company has secured what amounts to a monopoly for the production of torpedo- 
carrying aireraft, and it is therefore very fitting indeed that we should have a 
paper entitled The Development of Torpedo-Carrying Aircraft’? from a 
prominent member of that firm. 


THE DEVELOPMENT OF TORPEDO-CARRYING AIRCRAFT 


BY MAJOR F. A. BUMPUS,. FELLOW. 


Introduction 

Aircraft for the carrying of torpedoes are a somewhat specialised class of 
machine, the development of which is governed by the special requirements of 
the type of operation for which they are designed. In order, therefore, to present 
first the problem and, secondly, the efforts which have been made towards its 
solution, this paper is divided into two sections, of which the first deals with 
the duties of such aircraft and the methods employed in their operation with, 
incidentally, some remarks on their advantages as compared with other means 
of carrying out a torpedo attack. The second section deals with the machines 
themselves, the history of their development, some of the special features of 
their design and the possibilities of further development. 


Duties 


Torpedo planes are essentially weapons of attack, and their main purpose is 
the launching of an offensive against enemy surface ships or submarines. They 
may be operated from a shore base, but their field of usefulness is then relatively 
restricted, since the military load is too great to be compatible with long range. 
They could, however, carry out a coastal patrol in order to locate and attack 
enemy submarines or submarine cruisers, and their mere existence would debar 
coastal bombardments such as occurred during the late war. 


It is, however, to the development of the aircraft carrier that the torpedo 
plane owes its great scope for offensive, as well as defensive operation, since by 
operating from such a ship aircraft of moderate range become capable of carrying 
their particular form of warfare away from home waters and right up to the 
enemy coasts and harbours. Their routine duties will include co-operation with 
reconnaissance machines in searching out and attacking squadrons of the enemy 
fleet on patrol, cruisers and smaller craft, including submarines, on reconnais- 
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sance duties, and mercantile raiders, and may include the destruction of the 
enemy mercantile marine; while an enemy fleet anchored at its base gives scope 
for a very fruitful form of attack. A rarer, but none the less vital, duty will be 
participation in a fleet action, during which the torpedo planes will remain on 
the carrier cruising at some distance from the fighting ships until signalled to 
attack. Their objective will then be the enemy capital ships and the enemy 
carriers, the aim in the latter case being to put out of action the enemy aircraft 
which may be regarded as the eyes of the fleet. 


Advantages 

Compared with other means of launching a torpedo attack aircraft can 
claim numerous advantages, chief among which are range of vision, speed and 
facility for surprise. In any but the worst weather the range of vision, even 
from a moderate altitude, is many times that of a surface vessel, and the area 
of sea visible in clear weather is such as to make the location of shipping, com- 
paratively speaking, easy. The value of speed is manifold; it lies in the area 
of sea that can be passed under observation in a given time, in the relatively 
short time occupied in going off course to investigate the character of any 
shipping that is sighted, and perhaps chiefly in the ease with which any surface 
vessel can be overtaken if it is desired to attack. For instance, in the case of 
a destroyer wishing to attack a ship sighted at a distance of seven or eight miles 
a superiority in speed of 10 knots implies the lapse of some 45 minutes before 
torpedo range is reached, and if the enemy is near her home waters she may 
well by this time be within the protection of a mine field. An aeroplane, on 
the other hand, could overtake her objective in less than ten minutes, and the 
existence of mine fields is a matter of indifference to her. It is, in fact, virtually 
impossible for a surface vessel to evade attack when once sighted by a torpedo 
plane. Further, a torpedo attack carried out by aircraft has better prospects 
of success than one carried out by surface ships. Such attacks are essentially 
made in the face of hostile gun fire and, while the position of a torpedo plane 
pilot during an attack is not enviable, he may at least console himself with the 
facts that he constitutes a small and rapidly moving target, that he has three 
dimensions in which to vary his course, and that the time spent within effective 
range is a minimum, and that the enemy will have had but brief warning of his 
approach. He is consequently able to approach much closer to his target than 
could a surface ship, and the prospects of a hit are accordingly increased. 

On the score of economy in personnel the torpedo plane has a very marked 
advantage, in that for each torpedo taken into action, and presumably launched, 
only one or at least two men are risked, while as regards material risk the cost 
of aircraft involved in effectively launching a given number of torpedoes is merels 
a fraction of the corresponding cost of surface vessels. 


Operation 

Before considering the method of attack it may be well to first enumerate 
the means of defence which a fleet can bring into play and against which 
attacking torpedo planes must contend. These include fighting aircraft which 
would endeavour to intercept the torpedo planes before the actual attack, anti- 
aircraft armament carried by every ship, including the screen of destroyers which 
will be placed round the battleships, and probably a splash barrage produced by 
firing secondary armament into the water at a suitable distance from the ships 
attacked. 


The torpedo planes will be flying at as high an altitude as possible in order 
to avoid detection while en route and in order that they may dive to the attack 
from as great a distance as possible, thus approaching silently and preserving 
every possible chance of a surprise attack. Excluding any that may succumb to 
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the enemy fighters, the machines will dive on a point at such a distance from 
the target as to allow for flattening out and releasing the torpedo at the correct 
range. 

During the dive the pilot must so vary his speed and direction as to render 
anti-aircraft fire as little effective as possible; he must estimate the speed of 
his target from the angle of the bow wave, watch for any change of course, 
and must so place his machine that the sights are on the target immediately he 
flattens out. 

The objective of the tactics in attack is naturally to discharge the torpedo 
as nearly as possible on the broadside of the ships attacked, thus securing the 
largest target and allowing the maximum margin of error in aim. This being 
the case, it is evident that the speed of the ship enters into the sighting, and 
that only in the case of a stationary target is the aim a direct one. The allow- 
ance to be made for the speed of the target is more fundamental and of greater 
magnitude than with any other class of projectile, since the speed of the torpedo 
is not greatly in excess of that of the faster ships. 

The simplest form of sight consists of a ring fixed on the machine near to 
the pilot and a row of beads arranged transversely in the machine. The first 
bead will be on a line through the ring sight parallel to the centre line of the 
machine and at a distance forward of the ring corresponding to the speed of 
the torpedo when travelling through the water. The second bead will be dis- 
placed laterally by a distance corresponding on the same scale to, say, five knots 
ship speed; the third bead to ten knots, and so on, beads being provided to 
correspond to all speeds up to the maximum speed of any ship likely to ire 
attacked. 

The tactics of defence naturally include a change of course, and the effective- 
ness of this varies greatly with the class of ship involved, the number of ships 
and their formation. For small and manoeuvrable ships, and especially for single 
ships, it may be very effective, but for larger ships it is much less likely to be so. 
Maneeuvres by large ships, even singly, and especially in formation, take con- 
siderable time and an evolution, once started, cannot easily be changed; conse- 
quently a preliminary attack may be made in order to force a fleet into some 
definite evolution involving such time for its completion that the main attack 
can be launched while it is being carried out. 


Historical 

Having discussed briefly the duties of torpedo planes and the method of 
their operation, we may now pass on to a consideration of the types of machine 
that have from time to time been evolved for this work, and consider the qualities 
required and the special problems that occur in their design. 

Bearing in mind the primary importance of the torpedo as a naval weapon 
and the evident advantages of aircraft as a means of launching a torpedo attack, 
one is inclined to express surprise that their development received so little atten- 
tion during the late war. It must, however, be borne in mind that not only are 
we a conservative race, but that aircraft and aircraft engines were in their infancy 
at the outbreak of war, and that for several vears after the outbreak of war 
we were not capable of producing machines which could meet the requirements 
of torpedo operations as outlined above. Moreover carriers, as we now know 
them, were non-existent and it must, in any case, have been a matter of years 
from their introduction until the time when the technique of deck-landing had 
reached the present stage at which it is not unreasonable to say that any good 
aeroplane of moderate landing speed can be operated from the deck as a matter 
of routine. 

Carrying ourselves back, therefore, to the year 1914 to the elementary stage 
of development of aircraft and to the relative lack of operational facilities at 
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that time, we must feel the profoundest admiration for the vision and faith of 
Rear-Admiral Murray Seutar and the late Colonel Hyde Thomson, who in that 
year took out a patent for the means of carrying a torpedo on a seaplane. The 
scheme devised by these officers of the R.N.A.S. was undoubtedly the germ of 
all torpedo plane development in this country and, at any rate, preceded any 
such developments abroad. That the first efforts were made on seaplanes was 
not only natural but inevitable, as the standard of engine reliability did not, for 
some years, reach the stage at which land machines could reasonably be 
despatched on prolonged flights over the sea. 

It was in the same vear that torpedoes were first actually carried on sea- 
planes, the first machine to be adapted for this purpose being the 200 h.p. Short 
seaplane. This was followed in 1915 by a new design incorporating the 225 
Sunbeam engine, and it was to one of these machines that fell the credit ot! 
torpedoing a Turkish transport, the first definite military achievement of any 
torpedo aircraft. 

In the following year, 1916, Messrs, Short Brothers produced a_ larger 
machine designed to carry a larger torpedo and fitted with the 320 h.p. Sunbeam 
engine. This machine, with torpedo, had a speed of some 7o knots and a service 
ceiling of about 5,000 feet. A number of these machines were buiit and operated, 
chiefly from bases in the Mediterranean. 

Also in 1916 the Blackburn Company produced a seaplane for this class of 
work. This was a twin-engine machine fitted with two 160 h.p. Sunbeam engines, 
and subsequently with Rolls-Royce Falcon engines of 250 h.p. each. After 
various adventures incidental to the early stage of development of the twin- 
engine machine, the type was converted to a land machine and, in the guise of 
Blackburn ‘‘ Kangaroo,’’ did useful work in anti-submarine patrol. Thus the 
machine did not go into service as a torpedo machine although it was designed 
specially for that purpose. : 

At about the same date the Sopwith Company had produced a bomber with 
a 200 h.p. ‘* Hispano ’’ engine, and being approached by Admiral Seutar con- 
cerning a torpedo-carrying aeroplane, proposed that this machine should be 
adapted for torpedo work. This was done and the machine, first flown in 1917, 
gave every promise of developing into a satisfactory torpedo plane. As Messrs. 
Sopwith were fully occupied the machine was passed on to the Blackburn Com- 
pany to put into production. Nicknamed the ‘‘ Cuckoo,”’ it was fitted with a 
Sunbeam “‘ Arab ’’ engine and had a speed of 90 knots and ceiling of 14,000 feet. 
It was considerably developed as successive contracts came along and was, in 
fact, the first torpedo plane to be used on an extensive scale. 

In order to produce a machine capable of carrying a heavier torpedo with 
a higher performance, experimental machines were produced in 1918 by Messrs. 
Blackburns and Messrs. Short Bros. incorporating a_ Rolls-Royce Eagle 
engine. These machines represented an advance on existing machines but, 
owing chiefly to the supervention of the Armistice, neither was reproduced. 

The next step forward was taken by the Blackburn Company in producing, 
on their own initiative, in 1920, the ** Swift,’’ a new machine, incorporating the 
experience gained from the many torpedo machines which they had now produced 
and providing especially for the requirements of deck work. This machine, with 
a Napier ** Lion’? engine and carrying a military load of 2,070 Ibs. together with 
34 hours’ fuel, had a top speed of 108 m.p.h. and a service ceiling of 11,500 feet. 
The original machine was ultimately purchased by the Air Ministry, and after 
development went into extensive production as the ‘* Dart,’? which has been 
the standard service torpedo plane up to the present date. The ‘* Swift,’’ 
modified somewhat from the original machine but still differing from the ‘‘ Dart,” 
has been supplied to several foreign Governments both as land machine and 
seaplane. 
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In 1922 Messrs. Handley Page, Ltd., entered the field with the ‘‘ Hanley,” 
a machine designed to the same specification as regards load and dimensions as 
the ‘‘ Dart,’’ but incorporating slotted wings. While designed as a_ torpedo 
plane this machine was used chiefly for the testing and development of various 
tvpes of slots, and may be regarded as a step in the development of subsequent 
machines. 

In 1924 the Blackburn Company produced the ‘‘ Cubaroo,’’ a large torpedo 
plane incorporating the 1,000 h.p. Napier ‘* Cub ’”’ engine. This machine carried 
5,100 Ibs. of military load and 6} hours’ full power fuel, with tankage for 10 hours, 
It was flown successfully and its performance was as good as was compatible 
with a power loading of over 20 Ibs. per b.h.p. 

In 1925 Messrs. A. V. Roe’s produced the ‘‘ Ava’’ to a similar specification 
as regards load, but provided with two Rolls-Royce ‘‘ Condor ’’ engines. This 
machine was constructed entirely in metal and was a thoroughly successful 
aeroplane, but a change of policy as to the size of torpedoes to be carried and 
the use of land machines for long range work over the sea implies that neithes 
the ‘‘ Ava’’ nor the ‘* Cubaroo ”’ will be reproduced for torpedo work. 

Up to the present time all torpedo planes in service in the R.A.F. have been 
single-seaters. It has, however, become clear that torpedo machines must not 
rely entirely for their protection upon friendly fighters, and while it is evident 
that a heavily-loaded machine can never fight a scout on equal terms and. will 
always need help from lighter machines, work has been proceeding for several 
years on the development of two-seater machines which shall be capable of some 
measure of self-defence. 

In 1922 Messrs. Handley Page produced the ‘* Hendon’ and in 1926 the 
‘* Harrow,”’ and in the same year Messrs. Blackburns and A. V. Roe produced 
the ‘* Ripon ’’ and ‘* Buffalo’? respectively. In the case of all these machines 
the load was such that with the engine power then available the performance was 
less than was considered necessary. There has, however, been a marked increase 
in the power of the engines available, while the machines themselves have been 
improved, and there is little doubt that the later machines produced wil! 
adequately meet service requirements. 

Torpedo planes provide an instance of the way in which developments 
frequently proceed in a cycle. The earliest designs were pure seaplanes, then 
for some years all torpedo work was done by aeroplanes, and now we find that 
torpedo planes are all being made alternatively as land or seaplanes, the increase 
of available horse-power having made possible a reasonable performance on 
floats. 


Design 

In the design of any aircraft whose purpose is to carry out a military 
operation after several hours’ flying, one of the first considerations must be to 
ensure that the crew arrive at their objective as little fatigued as possible, which 
implies that the actual flying of the machine shall make the minimum demand 
upon the pilot’s physical or mental energy. There is perhaps no operation which 
demands so much of the crew, and in which their freshness is so necessary, as 
in the launching of a torpedo attack, necessitating, as it does, the close approach 
to a heavily armed opponent and the exercise of a high degree of judgment in 
order to secure the necessary accuracy of aim. The machine must, therefore, be 
light on its controls, stable enough to remain on its course without too close 
attention, free from all forms of vice, and at the same time as manceuvrable as is 
compatible with its size, for it must be remembered that manceuvrability coupled 
with a good climb have a very material bearing on the pilot’s prospects of escape 
after launching his torpedo, and so on his morale during the attack. . 
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In most respects the design of a torpedo plane presents the same problems 
as the design of any other class of machine. Increase in military load and 
range with additional equipment involving all sorts of excrescences, but coupled 
with higher speeds and higher ceilings, are demands with which we are all 
familiar; in fact, the aeroplane designer would be in sore straits were it not for 
the quite remarkable progress made by the engine designers in the last few 
vears. 

There are, however, special points in the design of a torpedo plane as such 
and also as one of the largest types of machine required to operate from the 
deck of a carrier. 

Among the former may be mentioned the method of suspension of the torpedo, 
Ihe torpedo is suspended under the machine by means of a double sling and 
steadied by crutches, while it is prevented from moving fore and aft by a stop 
plate carried on the machine and engaging with a stop attached to the torpedo. 
The double sling may be regarded as a matter of security, but is otherwise 
necessary to prevent the tendency inherent in a single sling to impart to the 
torpedo a roll about its longitudinal axis at the moment of release. Any such 
roll would naturally interfere with the correct running of the torpedo, controlled 
as it is by a gyroscope for direction and by a combined hydrostatic and pendulum 
device for depth. The two slings are consequently attached one at each side of 
the fuselage, their free ends being connected to release slips at the opposite sides 
respectively, the operation of the slips being carefully synchronised to effect a 
simultaneous release. 

The angular setting of the torpedo relative to the wings is important and 
is so arranged that at a given forward speed of the machine the torpedo falls at 
such an angle to the water as to avoid any tendency to dive unduly or, on the 
other hand, to bounce off the surface of the water. It need hardly be stated that 
this angle, coupled with consideration of ground clearance at the tail end of the 
torpedo and reasonable access for loading the torpedo on to the machine, are 
considerations which enter into the very early stages of the design. 

A requirement affecting the aerodynamic design is that the machine must 
be capable of dropping the torpedo representing some 25 per cent. of the gross 
weight of the machine without any appreciable change in trim. The essential 
nature of this requirement is evident upon consideration of the conditions 
obtaining when the torpedo is released. The pilot will have been cruising at some 
high altitude and will have dived at speed to nearly sea-level; he must so shape 
his course in the final stages that on flattening out the direction of his flight path 
is such that his sights are correctly on his target, and be prepared to steady 
his machine and release his torpedo at a height of about 20 feet from the sea; 
and not until he has actually released the torpedo is his hand free to open up 
the throttle. The design must therefore ensure that when the torpedo is dropped 
any change in trim is small, and in such a direction as to put the machine naturally 
into a climb. There is, of course, ample latitude for choice of the fore and aft 
position of the torpedo, but as the C. of G. of the torpedo is necessarily much 
below that of the remainder of the machine, there is a considerable difference in 
the vertical position of the C. of G. of the machine with and without torpedo. 
rhese factors can, however, be adjusted so that the release of the torpedo is 
practically unperceived by the pilot. That this has been achieved in’ service 
machines is evidenced by the fact that there is more than one case on record of 
a pilot returning to his aerodrome after an attack and finding, to his surprise and 


consternation, that so far from having scored a hit he had brought his torpedo 
back with him—presumably through not having pulled the tog: 
extent. 

The design of a torpedo plane is, for the British service, almost entirely 
controlled, especially as regards dimensions, by the requirements of operation 
from a carrier. 
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The present carriers are a great advance on those of a few years ago and 
some extension has been possible in overall dimensions, but limitations are 
inherent in these floating aerodromes. In the first place hangar space is limited, 
and all machines for deck work must be made to fold within a minimum area. 
The designer is not, however, given a definite floor area to dispose as best suits 
his purpose, but is tied to a definite length and a definite folded width, since any 
excess of either dimension may interfere either with an all too narrow gangway 
or with the scheme of parking. The restriction of overall height would not be a 
serious difficulty for pure Jandplanes, but as most machines must be arranged 
for a float undercarriage the restriction may affect gap and dihedral. While 
folded dimensions are determined by consideration of hangar space, the span is 
limited by dimensions of the lift by means of which the machines are taken to 
the flying deck. The number of machines that can be sent off or allowed to land 
on, in a given time, depends upon the speed with which they can be handled by 
the lift. Consequently, folding arrangements must be such that a machine can 
be completely folded or spread while it is in transit on the lift. Thus a machine 
pushed on to the lift folded at hangar level should be spread ready for flight by 
when the lift reaches the top, a consideration which obviously limits the span to 
the width of the lift. Thus the span is limited directly while the restriction on 
folded width limits the chord, and the resulting wing area is somewhat less than 
one would choose for a machine of the weight of a modern torpedo plane. 
Consequently the determination of wing area is not so much an aerodynamic pro- 
blem as the geometrical one of how much area can be arranged within the 
prescribed limits. 

Operation from a carrier implies that the machine must get off quickly, as 
the length of deck available is limited and it is desirable that the machine should 
be well into the air before passing over the bows of the ship. 

Kor a machine of given weight and horse-power, in which a short run is 
a necessity, one would naturally aim for an extensive wing area, but as this is 
limited, for the reasons stated above, an aerofoil with a high lift coefficient is 
indicated. We have in deck work, however, a gift in the form of initial airspeed 
due to the forward speed of the ship into wind, and the increase in initial airspeed 
available on the later ships is a most valuable factor. The relative importance 
of this factor is shown in a series of curves in Diagram I. 

The curves show the estimated run to get off with a given power loading 
and a given lift coeflicient with varving initial air speeds. The actual shape of 
the curves would naturally differ with body drag, wing drag and_ propeller 
efficiency, as well as with the extent of the main planes subjected to slipstream, 
but the family of curves may be taken as reasonably comparative and as 
indicating the relative value of the two factors. From these it will be seen that 
an increase in air speed on the deck of 10 miles per hour has approximately the 
same effect in reducing the length of run to get off as a decrease of 25 per cent. 
in wing loading. Putting this the other way round, we may conclude that an 
increase of deck speed of this magnitude permits an increase of 25 per cent. 
on the gross weight of the machine to be carried by wings of given dimensions, 
so far as length of run to get off is concerned. 

An increase in deck speed is, of course, an extremely expensive luxury, as 
ship speeds are even more difficult to increase than those of aircraft, but the 
later ships have an appreciably higher speed than the earlier ones and this factor 
has materially helped in producing machines of greater weight than heretofore 
without an excessive run to get off, 

Had it not been for such increase of deck speeds it would have been essential 
to incorporate an aerofoil with a high lift coefficient, either inherent in its shape 
or produced by slots or flaps, or both. The high lift wing is essentially less 
efficient than one with a less lift coefficient, and its relative inefficiency affects 
the performance of the machine throughout its operation. : 
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The value of slots or flaps, or both, is a debatable point. These devices 
essentially reduce the stalling speed and so tend to reduce the run to get off, 
but their drag is greater than that of a plain wing and the acceleration is con- 
sequently slower. If these devices were used with wings of the maximum per- 
missible area they would undoubtedly decrease the run to get off, but designers 
have generally considered that their best use was in reducing wing area some 
20 per cent. and improving aspect ratio, in which case experience goes to show 
that the run is, as nearly as possible, the same as with plain wings of maximum 
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Wings with slots and flaps have an undoubted advantage in comparison 
with equal sized wings of a permanent high lift section, in that the extra drag 
at the high lift setting of the gear is eliminated at the normal setting in ordinary 
flight, thus presenting an improvement in performance at the cost of a certain 
amount of complication. The comparison with larger wings of similar section, 
however, is a matter of the value of a decrease in area accompanied by an 
improvement in aspect ratio. This would be expected to lead to an increase in 
speed and a loss of ceiling, and the relative importance of these two, and their 
magnitude, may be a determining factor. 


A further point of importance in the design, which arises from the nature 
of the operations to be performed by torpedo aircraft, is the necessity for pro- 
viding for the target being kept in view during the dive to the attack. The 
dive may be steep and will be aimed at a point well short of the target. The 
angle of the line of sight above the centre line of the machine obviously increases 
as the dive proceeds, and it is essential that the target shall not be obscured by 
the top centre plane. Curves illustrating this point are shown in Diagram II. 
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Future Development 

In speculating as to the future development of torpedo aircraft it may be 
interesting to consider, first, to what extent present day torpedo planes are 
actually hampered by the restricted dimensions, and consequently what improve- 
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ment might follow upon the development of carriers in which greater dimensions 
were permissible. 

It has already been stated that with the considerable deck speeds which are 
now attained, the wing area, which can be arranged, is adequate to secure a 
reasonably quick take-off with such loads as are now required to be carried. 
From this point of view, therefore, it cannot be said that the present limitation 
of dimensions is detrimental. From the point of view of general performance, 
however, the restrictions are important as machines at present are limited to an 
aspect ratio of rather less than 54. An increase in span would obviously be 
advantageous, particularly as regards performance at altitudes. Since the present 
wing surface is adequate from the point of view of take-off, an increase of span 
may be accompanied by a corresponding decrease in chord to obtain maximum 
aspect ratio. 
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Curves are shown in Diagram III. to illustrate the advantage to be derived, 
and from these it will be seen that with constant area an increase in span of a 
given percentage is accompanied by an even greater percentage of gain in ceiling, 
while the speed at altitudes is considerably improved and the speed at sea leve! 
slightly .so. 

It may be noted that any further increase in load to be carried with existing 
dimensions will definitely involve either a longer run to take-off or a further 
increase in deck speeds, while performance at altitudes must necessarily sutfer. 

Reference has already been made to the tendency which is apparent in this 
country to revert to the carrying of torpedoes on seaplanes, at any rate as 
an alternative, while the use of seaplanes has been general in foreign countries 
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and essentially in such countries as have a coast line to defend, but have no 
aircraft carriers. There are obvious advantages in using seaplanes for over 
water operations on the score of safety, but they have added advantages as 
regards operations in that they can alight on the water and await their oppor- 
tunity, remaining silent and relatively invisible and at the same time conserving 
their petrol supply. 

Thus a carrier may venture into hostile waters and drop a number of sea- 
planes in a position where she could not dare to remain herself, and they may 
wait several hours before carrying out the operations and still hope to regain the 
carrier on her return journey. 

They can, moreover, carry out operations at moderate range independently 
of a carrier, thus avoiding the great expense in the form of running costs of 
the carrier. 

Land machines are not likely to be superseded by seaplanes for torpedo 
work, but they will undoubtedly be largely supplemented by them. The additional 
weight and resistance of floats must always be a handicap, but, while the world’s 
speed record is held by seaplanes, any idea that a seaplane is necessarily cumber- 
some and sluggish must be completely abandoned. 

As regards possible progress as regards performance, curves are shown in 
Diagram IV. showing the scope remaining for designers. 
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The curve ‘‘ A’’ shows the actual performance of Blackburn ‘‘ Ripon ’’ I., 
the latest machine to be placed on the ‘‘ open ’’ list under the Official Secrets 
Act. Since the production of this machine there has been marked increase in 
the power of engines available without any appreciable increase in weight. 

The curve ‘‘ B "’ is an optimum performance taking credit for the increased 
power and for a considerable improvement in aerodynamic efficiency. This 
performance is naturally much in advance of what has so far been obtained, but 
in the light of recent experience it may be regarded as a goal at which it is 
at least reasonable to aim, and towards which one may hope to make a con- 
siderable approach. 
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Almost all torpedo work at the present time is centred round the aircraft 
carrier, but there are other possibilities of development. While relatively small 
machines operating from a carrier are obviously the most suitable for mass 
attack on a fleet at sea and particularly in a fleet action, there are a number 
of operations which could be carried out by long range machines independently 
of a carrier. It must be borne in mind that a carrier is a relatively undefended 
ship to which a distant raid is a matter of great danger, moreover they are 
limited in number, and the loss of one such ship would be of vital importance. 

For such work as raids on fleet anchorages, therefore, or even for distant 
patrol, a long range seaplane would have a marked advantage. 

A seaplane to carry a torpedo and, say, 8 to 10 hours’ fuel would essentially 
be a large one, and beyond the size for which twin floats would be satisfactory. 
Kor such duties, therefore, a large flying boat is indicated of some such size 
as the Blackburn ‘“‘ Iris.’’ The problem of. arranging one torpedo centrally on a 
boat has been studied many times, but no satisfactory solution has, so far, 
been devised. It is, however, in a machine of this size quite practicable to carry 
two torpedoes of, say, 1,500lbs. each, slung one on each side of the hull, this 
representing an overload of about 8 per cent. The behaviour of the machine 
when ove torpede only is dropped needs experimental investigation, but in so 
far as calculations are of value in such a matter, they indicate that with normal 
dihedral, the machine would need to fly only slightly vawed, and that the loads 
on aileron and rudder controls would not be considerable. 

For distance work involving waiting on the water, referred to above as one 
of the duties of seaplanes, large boats have the added advantages of greater 
seaworthiness and independence of the carrier as regards the duration of their 
wait. 

It would appear, therefore, that one may look for a development of torpedo 
work by means of large boats, and that they may relieve the carriers of some 
of the more dangerous parts of their present duties. 

Having thus reviewed the uses, the development, and the possibilties of 
torpedo carrying aircraft, whether as landplanes or seaplanes working from a 
carrier, or as large boats for more individual operation, one can only conclude that 
as the machines themselves progress and as experience is gained in their use, this 
class of machine will play a continually increasing part in the defence of this 
and other maritime countries. 


DISCUSSION 


Mr. I. Hanptey Pace, referring to the author’s statement that slots or 
flaps were of debatable value, said that that depended upon how they were used. 
When dealing with his diagrams the author had shown how the performance ot 
a machine was improved by an increase in aspect ratio. That improved per- 
formance, however, depended not so much upon aspect ratio as upon the fact 
that by increasing the span he was able to reduce his induced resistance, keeping 
the profile drag the same and the area of the planes the same. If one applied 
the same principles in the use of slots to obtain a higher lift coefficient, one had 
a corresponding advantage, and that was his reason for saving that the value ot 
the slots for decreasing landing speed depended upon how the slots were used. 
It was evident that if we had machines of a given span and merely varied the 
loading by varying the chord, the induced resistance, which was a function ot 
the span, would remain the same, and provided we did not unduly increase the 
profile drag by the use of the slot, we were able to get a better performance by 
putting up the loading than we should get otherwise. The whole problem, then, 
resolved itself into the question as to whether or not, with decrease in wing area, 
and by the use of the slot, we were going to increase or decrease the total value 
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of the wing profile drag. That depended very largely on the slot used—the shape 
of both the forward and the after slot, and particularly the latter, if the latter 
were to be open during the whole of the period of its use. He believed that, 
with the improvements which had resulted from recent research, we were likely 
to get considerable diminution of profile drag with slots open, and therefore we 
were likely to find an increasing value in the use of a wing with high lift 
coefficient obtained by slots. 

There was a further advantage to be gained in the use of the automatic 
type, in that we could cut out the weight of the mechanism which would other- 
wise have to be used by reason of manual operation. He had stressed the point 
of wing span and induced resistance rather than aspect ratio because we had 
to look at it from that point of view if we were to get a true picture. 

Dealing with the author’s reference to the advantage which increase of deck 
speeds had given in allowing larger and larger machines to be operated from 
carriers, he said that from the point of view of aerodynamical advance the 
existence of this advantage was rather a pity. It would have been better if the 
advantage had not existed, because otherwise we should have had to concentrate 
upon the old problem of endeavouring to make machines alight more slowly, 
so as to produce aircraft capable of landing under the very difficult conditions 
which often occurred at sea, as compared with the more pleasant conditions met 
with on trials carried out in the summer months. We should concentrate more 
and more upon reducing landing speeds. Commenting on the author’s state- 
ment, in regard to the ‘‘ Hanley ’’ (built by Messrs. Handley Page, Ltd., in 
1922), that ‘‘ while designed as a torpedo plane, this machine was used chiefly 
for the testing and development of various types of slots, and may be regarded 
as a step in the development of subsequent machines,’’ he said, jocularly, that 
it was essential, in the presence of Government officials, that he should draw 
attention to the fact that such development work was carried out at the firm’s 
expense. He would not like a remark such as that to go unchallenged and to be 
handed down in the historical pages of the Society’s Journal, so that at a later 
date, before a tribunal, it might be quoted, adversely to himself. 

Captain BARNWELL, discussing the curves illustrating the variation of per- 
formance due to variation of aspect ratio, asked upon what figures or experi- 
ments those curves were based, because it seemed to him rather extraordinary 
that, with unaltered wing loading and power loading, an alteration of aspect 
ratio from 5.4 to 8.7 would increase the ceiling by 4o per cent; he certainly 
would not have expected it to have made such a large difference. Further, it 
apparently increased the top speed as well; he had not thought that an increase 
of aspect ratio only would do this. 

Flight-Lieutenant BuLMAN disagreed with the author’s view that a large, 
heavily-loaded aeroplane would never be a match for a single-seater fighter. 
His own impression, from his war experience, was that a well-handled two-seater, 
however heavy and clumsy, was more than a match for two single-seater fighters 
which dared to come near it. 

Squadron-Leader ENGLAND, referring to the suggestion in the paper that the 
pilot of a torpedo-carrying machine could estimate the speed of his target from 
the angle of the bow wave, pointed out that the dazzle painting and camouflaging 
of ships, as adopted towards the end of the Great War, was such that it was 
absolutely impossible to do that. He disagreed also, to a certain extent, with 
the suggestion that very litthe was done during the war in connection with 
torpedo-carrying planes. A lot was done in the early days of the war, but the 
trouble was that the official mind was somewhat antagonistic towards the float 
seaplane, and that was one reason why development was not more rapid. It 
was only when Wing-Commander Edmunds and Squadron-Leader Dacre had set 
out for the Dardanelles to torpedo a transport that the official mind had begun 
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to alter. Actually it was Squadron-Leader Dacre who had succeeded in sinking 
the transport. He had done it while his machine was on the water, his engine 
having broken down, but he had managed to fly back with six of the twelve 
cylinders working. Had the official mind been more wideawake to the possi- 
bilities of the torpedo carrier, he believed the result of the Battle of Jutland 
would have been somewhat different from what it was. With regard to deck 
speed assisting aircraft to take off, he said he gathered Major Bumpus_ had 
inferred that, as ships were getting faster, the take-off would not be such a 
difficult problem to designers of aircraft. That appeared to be the wrong attitude 
to take, because in time of war one could not always operate under ideal con- 
ditions. Bearing in mind that these huge ships took a long time to manceuvre, 
and had a very large turning radius, it was highly improbable that in a_ fleet 
action any of these ships would have time to alter their course and get into wind. 
He believed it would be found in the next war that ships would not have time 
to get head-to-wind, and aircraft would have to be able to take off at speeds 
sufficiently low to enable them to take off down-wind or side-to-wind. That had 
been done with smaller aircraft, and it would have to be done with torpedo- 
carriers. Another point was that torpedo-carriers nowadays were designed to 
operate as aeroplanes and seaplanes. If we were to rely upon the speed of the 
aircraft carrier to assist the take-off of the machine as an aeroplane, he was 
somewhat dubious as to the ability of the machine to take the air as a seaplane. 

Mr. E. F. Spanner suggested that in designing torpedo-carrying aircraft we 
were designing steam hammers to crack nuts. It might be a surprise to many 
of those present to know that the bottom of a ship was no thicker than a match- 
box; in fact, a matchbox was thicker than the bottom of an ordinary battleship. 
The ‘‘ Marlborough ’’ had been struck by a torpedo which had blown a hole in 
its side 6oft. long and soft. wide, and having an area of roughly 2,000 sq. ft., 
but a much smaller hole, made with a different weapon, would be just as effective 
in putting a ship out of action. A point to be remembered in connection with 
torpedo-carrying aircraft was that the weight of the explosive in a torpedo was 
a very small percentage of the weight of the torpedo itself. A torpedo weighing 
about half a ton would not carry more than roo lbs. of explosive, and go per cent. 
of the weight of the torpedo consisted of the steel hull and the machinery by 
means of which it ploughed its way through the water. Did it not seem foolish 
that we should use the most efficient manoeuvring machine yet invented—the: 
aeroplane—and, having got it quite near to the object of attack, we should’ 
entrust the actual striking of the blow to a mechanism which was very likely 
to be upset when it was dropped into the water, and which utilised only ten per 
cent. of the weight that the aeroplane had been carrying about for so long 2 
A pin hole in a motor tyre would flatten it just as well as would a hole large 
enough to allow the bowl of one’s pipe to go through; quite a small rent would 
deflate a gasbag just as well as a large one, and a hole one sq. ft. in area was 
quite as capable of putting a merchant ship or a battleship out of action as was 
a hole 1,000 sq. ft. in area. A torpedo weighing 1,000 lbs. would not do anything 
more than a bomb weighing roo Ibs., provided, of course, that one could get the 
bomb into the right place. The torpedo had been invented simply and_ solely 
because it was impossible previously to put a small charge alongside a ship 
without using a propelling mechanism capable of running at a fixed depth and of 
going straight for a considerable distance at a considerable speed. He was not 
romancing in the slightest when he said that if one made a hole 1ft. square in 
the side of a battleship it would do her just as much damage, so far as active 
service work was concerned, as if the hole were 1,oooft. square. If we appreciated 
that point, we could not but ask ourselves why we had been designing these 
enormous machines to do a job which could be done by very much smaller 
machines. Had we not satisfied requirements without asking ourselves what 
the requirements were? He had noticed an announcement in the newspapers 
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recently to the effect that the Americans had a diving bomb. He supposed that 
was true; there was no earthly reason why it should not be, because it was an 
obvious weapon to anyone who was out to put up a strong attack against a ship. 
There was no need whatever fer airmen to tie themselves to a weapon which 
was invented simply because the Navy was unable in any other way to get a 
charge alongside the bottom of a ship. He thoroughly admired the ingenuity 
and skill displayed in designing torpedo-carrying aircraft, but it seemed a great 
pity that it should be misplaced. If other countries recognised, as he was sure 
they would, that a small bomb could be placed just as effectively alongside a ship 
by a small machine, and if they developed that method of attack, we should feel 
rather sore that our enormous machines were serving no more useful purpose. 

Mr. Savace did not agree with the title of the paper, which, he suggested, 
should have been ‘* The Development of Torpedo-Carrving Aircraft, with which 
is incorporated the Medium Range Bomber.’’ In his view the development of 
torpedo-carrying aircraft had been considerably retarded by the complication 


which arose from combining the operations of a torpedo carrier and a bomber 


into one machine. He was rather surprised that Major Bumpus had advocated 
in his development programme that torpedoes should still be slung on the outside 
of the body or hull. 

Dealing with the return of torpedo-carrying aircraft to their carrier, and 
the fact that at present the carrier had to steam up-wind in order to increase 
the deck speed sufficiently to enable the machines to land, he said it seemed to 
him that when a carrier was trying to get its machines back during, or after, an 
action, it might have to steam directly away from the fleet, although, as Major 
Bumpus had said, it was not very well defended. It was nec essary, therefore, 
to concentrate upon the question of decreasing landing speed so that it would 
be possible for a machine to land over the bows as well as over the stern. 


Discussing the slinging and releasing of the torpedo, he said his company 
held the patents of an electrically operated release, which secured the synchronisa- 
tion and ease of control that Major Bumpus had asked for. This device, with a 
thumb-switch on the control wheel or stick, does not require the removal of a 
hand from the controls to release the torpedo as mentioned in the paper. 


Dealing with the author's statement that folding arrangements must be 
such that a machine could be completely folded or spread while it was in transit 
on the lift to or from the flying deck, he said he did not know the actual length 
of time required for the operation of the lift, but he doubted whether any 
torpedo-carrying aircraft had actually been folded or spread during that limited 
time. His company had reduced the folding time to just under one minute—in 
the shop, and not on the ship—and he wondered whether Major Bumpus had 
been able to improve on that. 

Captain W. H. Sayers deprecated reliance on deck speeds, and said that a 
method which relied upon deck speeds seemed to him to be a singularly hopeless 
method of dealing with the problem. It might be all very well in times of peace, 
but it would be impossible in wartime, not only for the reason given by Mr. 
Savage, but also because of the -fact that 25- or 30-knot ships of a length of 
8ooft., of the type now used, could not hold their speeds with very great safety 
in a seaway. Further, the steam engine equipment was not absolutely perfect 
and reliable, and a very minor injury to a ship might reduce her speed enormously. 
Commenting upon Mr. Spanner’s suggestion that, in develoying torpedo-carrying 
aircraft, we were possibly on the wrong tack, he said the point was that’ the 
aeronautical engineer was not concerned so much with “a y as with meeting the 
demands of the authorities, and, since he could build a machine which would 
-arry a 2,o0olb. torpedo sad whic h would have the necessary range,.:when the 
authorities woke up to the facts they could turn. that: torpedo into a weapom in 
which: the explosive constituted 90 per cent. of the total weight instead of 10 per 
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cent., and the same machine could be used to apply that weapon. He also 
doubted the strict accuracy of the statement that a hole one sq. ft. in area was 
as effective as a hole 2,000 sq. ft. in area, because, after all, a couple of men 
could stop up a one sq. ft. hole, but they could not stop up a 2,000 sq. ft. hole. 

Captain TALBor said that the points raised by Mr. Spanner were extremely 
interesting, and should be taken very seriously into account. 

Mr. S. H. Evans: Since the lecturer is reviewing the development of 
torpedo aircraft, I venture to call attention to one or two omissions which I feel 
ure worth consideration in future design. 

As the question of wing span is such a restricting factor, it is rather 
surprising to find the air-cooled radial has been neglected so far in torpedo 
machine specifications. A geared radial of nearly equal power to the water- 
cooled engine now in service has been available for some time, and the con- 
siderable reduction in power-plant weight would allow the air-cooled machine to 
take advantage of a better aspect ratio, or alternatively a lower wing loading for 
a given span. 

Considering a present water-cooled machine of, say, 7,000 lbs. total weight 
and 500 h.p., it should be possible to effect a saving of at least 500 Ibs. on. this 
total by the substitution of power plants. Thus we have (1) difference in engine 
dry weights—1too lbs. ; (2) elimination of radiator, piping and water—24o Ibs. ; 
(3) reduction of structure weight—160 Ibs. (assuming 33 per cent. in both cases). 
This 500 Ibs. may be considered a useless load to carry about and an added 
complication to cause trouble and extra cost. Moreover, since a fair-sized two- 
seater body is required, in any case, to take the specified equipment, there is no 
advantage to the water-cooled machine on the score of body drag and top speed ; 
in fact, my own experience would indicate the reverse, taking into consideration 
the drag of normal type radiators. The advantage of the lighter machine in 
vet-off, climb, ceiling and manceuvrability is obvious and need not be stressed. 


Another improvement now somewhat overdue in this country—particularly 
for shipboard aircraft—is the introduction of a practical wheel brake scheme. 
It is quite possible to design a wheel incorporating a hydraulic or mechanical 
brake, together with the shock mechanism, in the hub, thus suppressing the 
resistance of the usual oleo leg mostly in the added velocity of the slipstream. 
I have recently been privileged to examine the design of such a wheel and I 
consider this is a future necessity for all deck landing machines. 

The case for the slotted wing has been more ably put by Mr. Handley Page 
and’ I can only concur in his views. The lift-slot, as distinct from the control- 
slot, has not been given the attention it undoubtedly merits by outside firms. 1 
am well aware of the weight account of such mechanism, but the evolution of 
the automatic slot has now disposed of that criticism. 


I would like to suggest, then, that our modern torpedo machine specification 
should include an air-cooled radial engine, undercarriage wheels with internal 
oleo and brake mechanism, and automatic (lift and control) slotted wings. After 
which, perhaps, I may be permitted to trespass outside the field of the engineer 
and hazard my private opinion that the present torpedo machine stands quite a 
fair chance of getting blown out of the sky before it ever gets within suitable 
range of a modern battleship. A 7,ooolb. machine carrying a 1,500lb, torpedo is 
hardly a nimble fighter, since it must dive at a ship broadside on and low down, 
hence presenting an easy target for a full broadside discharge in reply. In any 
case, the torpedo is a most expensive weapon, and I should imagine a good charge 
of depth bombs would he a better and surer offensive proposition, and certainly 
offer a more sporting chance for the luckless pilot. 

Mr. M. LANnGLey, speaking as one with some experience of naval architecture, 
suggested to Mr. Spanner that the subdivision of a battleship was such that a 
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hole one sq. ft. in area would not result in the sinking of the ship. His own 
experience was that if one compartment of the ship was flooded the ship would 
not sink, particularly with bulkheads as at present developed. To do vital 
damage the charge must be suflicient to ensure that at least two compartments 
are affected, particularly in these days of ‘* bulge ’’ protection. 

Mr. SpaxNner said he did not suggest that a hole one sq. ft. in area would 
sink a battleship, but it would put it out of action. If, for instance, a battleship 
were hit on the starboard side at the fore end, it would be quite impossible to 
plug the hole because one could not get inside it. Consequently, the ship would 
list, with the result that the gun system would be out of action, because the 
guns could not be properly laid and fired unless the ship was upright. Another 
compartment on the other side would have to be flooded in order to get the ship 
upright. If the damage occurred at the fore part of the ship, she would be out 
of trim, and it would be necessary, therefore, to flood two corresponding com- 
partments aft in order to get her into proper trim. 

Mr. LanGirey asked if it were not the function of the bulge to overcome 
that. 

Mr. SPANNER replied that the bulge contined the explosion to the outside ot 
the ship. It was not a torpedo net, and did not keep the explosion away from 
the ship; it was the actual side of the ship, and the result of the 
explosion of a torpedo against the bulge would be to fill the com- 
partment between the external surface and the internal part. It was 
necessary then to take the ship back to dock and get it put right; other- 
wise, if a further explosion occurred at that part which was flooded it would be 
carried through to the inner bulkhead and would flood the machinery, or maybe 
some other vital part of the ship. Water was incompressible, and if there were 
no space inside to allow the explosion to vent itself, there would be damage 
right through. 

Flight-Lieutenant Girrorp, referring to the time occupied by the folding 
and spreading of the wings of torpedo-carrying aircraft, said he had served in 
an aircraft carrier for the last three years and had found that, with well-drilled 
mechanics, the wings could be folded during the interval between the machine 
touching the deck and being pushed on to the lift. A whole flight of machines 
could be landed in succession and stowed in from ten to twelve minutes. 

Dealing with the historical side of the question, he said there had been an 
attempt-—-he believed under Major Mackenzie—to torpedo certain ships of the 
Austrian Fleet in Cattaro harbour, but it had proved unsuccessful. The machines 
had had to be towed halfway to their objective because their range of action 
was insuflicient, but the sea became rough and the machines were wrecked 
without getting off the water. 

The CHairMAN : Some of vou may remember that General Guidoni, who until 
recently was Air Attaché to the Italian Embassy and who has just recently been 
elected an Honorary Fellow of this Society, was the first man to produce and fly 
a torpedo-carrying machine. That historic flight took place in 1912, and in the 
January number of this Society’s Journal is a full account of General Guidoni's 
early work, together with photographs of the machine referred to. In February, 
1914, he succeeded in dropping a torpedo weighing 750 lbs. Nothing was done 
in this country until July, 1914, when the first machine carrying a torpedo was 
flown at the R.N. Air Station at Calshot by Lieutenant, now Air Commodore, 
l.ongmore. 

During the war there were very few attempts made to use torpedo-carrving 
machines, but probably the most conspicuous of these were the flights by 
Squadron Commander Edmonds and Squadron Commander Dacre in the 
Dardanelles. The machine flown by the latter officer torpedoed a Turkish 
transport. 
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Even after this convincing demonstration of the potentialities of this type 
of weapon, very little indeed was done until after the war. 

The torpedo-carrying aircraft is, at its best, a compromise, and it seems 
quite likely that, as a type, it will not be perpetuated for any great length of 
time due to the comparative inefficiency of the weapon cartied. No doubt this 
tvpe has had a longer life than would have been expected owing to the fact that 
the accuracy of bomb-dropping has not been very great. 

Sir OLivER SwWANn (communicated): There is very litte I can say on the 
subject of torpedo-carrying, in spite of its being such an interesting subject. 

The R.N.A.S. started the torpedo-carrving idea in 1913 (about) and got into 
liaison with the torpedo experts of H.M.S. ‘‘ Vernon ’’ on the matter. 

At first the 14in. torpedo (Mark X., 1 think; weight about 1,200 Ibs.) was 
used. 

A good deal of time and money was spent in trying to design a special 
lighter torpedo with good weight of explosive for aircraft. 

Progress was very slow and the practical development of torpedo-carrying 
and discharging by aircraft had hardly begun when war broke out. 

I believe that Edmonds’ flight at the Dardanelles was the only occasion on 
which a torpedo was carried and discharged during the Great War. He flew 
across the neck of the Dardanelles and sank a store ship or transport with the 
torpedo. 

In spite of this very notable achievement and practical demonstration of the 
immense possibilities of torpedo-carrying, the practice was not pressed on with 
wholeheartedly, and very little was done until after the war. Efforts were made 
to get an aircraft fitted with a torpedo to attack the Goeben whilst she lay 
aground, but the necessary stores and equipment did not arrive in time. 

Of course, the carrying of a torpedo by an aeroplane does not appear to be 
sound, as compared to carrying bombs with delay action fuses. The dead weight 
of a torpedo is so vastly greater than that of an aerial bomb (I fancy only about 
ten per cent. of the total weight of a torpedo consists of explosive). The aircraft 
can tfavel faster than the torpedo, so why launch a slow mechanism at some 
distance from the enemy instead of carrying the explosive direct to the. enemy 
by air? 

But at the present time the advantage gained by launching the missile on 
the same horizontal plane as the target lies on, and thus eliminating a powerful 
potential factor of error in aiming, is very great. 

The torpedo travelling in a horizontal plane may find a target other than 
the one aimed for. 

The torpedo is more likely to cause damage if it hits its mark, by reason 
of its good contact with the target. Until the discharge of aerial bombs becomes 
far more accurate than it now is, the torpedo discharged from aircraft is a most 
valuable weapon. 

Incidentally, a seaplane carrying a torpedo is a more useful unit than one 
carrying bombs in connection with any examination or capture of merchant ships. 
The former, whilst on the water, is still capable of offensive action at a moment’s 
notice. The latter is inoffensive until it can regain the air. 

Wing Commander BusTEED (communicated): One thing I would like to 
stress is that increases in performance of the aircraft should not be looked for 
at the expense of launching and landing speeds, as this commits the carriers 
to definite tactical disadvantages. Obviously these should be kept as low as 
possible. Anyway, as low as they are at present. The right thing to attack, 
and one that offers considerable scope, is the torpedo itself. We are obliged to 
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use obsolete weapons originally designed for other purposes, with little regard 
to weight, shape or performance, for use with aircraft. Further, we throw 
uway energy in endeavouring to retard something we have already imparted 
considerable speed to. Of course, most of these matters swing on finance, but 
that does not prevent people from thinking, and I feel certain that with modern 
engineering practice, and attacking the problem from an entirely air view, we 
could have a higher speed torpedo carrying the same weight of explosive as the 
heavy types we are endeavouring to carry, for the total weight of the smaller 
one. 

Wing Commander PuLForp (contributed): The idea of carrying a torpedo 
and launching it from an aeroplane is not new. In fact, so long ago as git the 
Italians claim to have dropped a torpedo from an aeroplane, the pilot being a 
Captain Cassoni. 

Admiral Fiske, of the American Navy, advocated the use of torpedo aircraft 
in 1912. 

In 1914 Short Bros. designed a 225 Sunbeam seaplane to lift a 75olb. 
torpedo. Satisfactory tests of this machine were made at Calshot in the summer 
of 1914, the pilot being Air Commodore Longmore. 

In the summer of 1915 two successful torpedo attacks were made on Turkish 
shipping in the Dardanelles, the pilots being Wing Commander C. H. k. 
Edmonds, D.S.O., and Squadron Leader B. Dacre, D.S.O. Machines had 
difficulty in getting off and did not carry a passenger. 

In 1916 Sopwith designed a single-seater torpedo aeroplane, the Sopwith 
Cuckoo, with 200 h.p. Hispano, which had an extraordinary performance. This 
was a stroke of genius, since everybody connected torpedoes with seaplanes. 
Owing to delays and the pressing demands of the Western Front, this machine 
was not put into production till 1918. The original order for 200 torpedo aircraft 
was given to two firms, who were so slow that in desperation an order for fifty 
was given to Messrs. Blackburn & Co., who, though the order was only given 
in February, managed to get the first machine out in July. .In fact, if it had not 
been for Blackburn's we would have got none at all by the time the Armistice 
was signed, 

The engine of the Sopwith Cuckoo was supposed to be an Hispano, but 
owing to the greater need for these in France, Sunbeam Arab engines were 
installed instead. The Cuckoo with the Sunbeam Arab had a remarkable per- 
formance. The torpedo weighed 1,100 Ibs. and the machine carried four hours’ 
petrol with a top speed of about 90 knots and could climb to 10,000 feet quite 
sasily. The Arab, however, was, 1 suppose, the most unreliable engine I have 
ever flown with—its life was about ten hours. The Germans in the meantime 
had by 1917 designed, built and operated a flight of twin-engine torpedo-carrying 
seaplanes from Zeebrugge. These machines carried out successfully one attack 
on a merchant ship in the Swin, but in later attacks owing to being so unwieldy 
and slow were shot down easily. Had they had a fast handy machine like the 
Cuckoo they would have played the devil with our shipping in the Channel. 
Luckily they did not hit on the idea. Owing to their non-success the Germans 
gave up the idea. Their lack of success was due to their lack of speed, climb 
and manguvrability—a thing we must have in any torpedo machine. 


In any lecture on torpedo aircraft credit should be given to the following 
oflicers, for if it had not been for them we should not be where we are now :— 
Admiral Suetor, the late Squadron Leader Hyde Thomson, Group Captain 
Warrington-Morris, and Commander (later Lieut.-Colonel) G. F, Montague, 
R.A.F. To my mind, Colonel Montague deserves the greatest credit, for it was 
due to his energy, imagination and hard work in 1918 that the torpedo aeroplane 
owes its position to-day. 
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Air Commodore LoNGMORE (communicated): 1 was commanding the experi- 
mental station at Calshot from January to September, 1914, and it was there in 
July, 1914, that for the first time a 1yin. torpedo was taken into the air and 
dropped successfully. Incidentally, I did it. The actual seaplane was a_ 160 
Gnome Short, the preliminary experiments on the water having been carried out 
for some months previously in a Sopwith taxiplane, a clipped wing seaplane. 
Shortly afterwards the war broke out and what had been really only a ‘* stunt ”’ 
experiment was regarded as an operational possibility. In August, 1914, a 
200 h.p. Canton Unné Sopwith seaplane regularly went into the air with a 
torpedo and a considerable amount of target practice was carried out. All these 
trials were, however, with a very small fuel supply aboard, and in most cases 
the pilot only. The addition of fuel and the extra weight of strengthened floats 
and air structure which were afterwards introduced into the two types of Sunbeam 
Shorts rather handicapped their operational efficiency in torpedo work, and 
except for one or two successes in the Mediterranean, the torpedo seaplane was 
not considered a reliable operator. It was really not due to any conservatism 
that development had received so little attention after that; it was really the 
necessity for awaiting the ‘‘ flying off and on carrier ’’ to enable the aeroplane 
to operate unencumbered by heavy floats and the necessity for it to get off the 
water sometimes in not at all a sheltered harbour. 


REPLY 


Major Bumpvus, replying to the discussion, apologised for having omitted 
one or two interesting references which might have_been included in the historical 
section of the paper, particularly a reference to General Guidoni. He agreed 
that in connection with torpedo-carrying aircraft we should not rely on deck 
speeds to the extent of ignoring the desirability of reducing the flying speed of 
the machine itself, and that any means which would be devised to give an 
intrinsic increase in speed range was a step forward. A point to be remem- 
bered, however, was that when a machine was returning to the ship it had 
generally dropped its torpedo, and that made a substantial difference to flying 
speed. Replying to Captain Barnwell’s question as to the curves relating to 
aspect ratio, he said that the curves were the result of the application of Prandtl 
corrections to the wing characteristics of a given) machine and should be 
approximately correct. 

Flight-Lieutenant Bulman’s view of the relative chances of two-seater and 
single-seater machines in a fight was interesting; but it must be agreed that 
torpedo-carrving machines did need additional protection, whether on account of 
opposing numbers or to avoid distraction from their own job, 

Squadron Leader England’s point that if a torpedo-carrying plane relied 
upon a high ship speed it meant that we were probably getting to wing loadings 
unsuitable to a seaplane, he said that a machine designed for a 20-knot deck 
speed, if put on to floats, took off extraordinarily quickly. In the design of some 
of the machines, deck speed had been relied upon, but the machines were still 
perfectly well able to take off as seaplanes. 

Commenting on Mr. Spanner’s remarks, he said the business of the aero- 
nautical engineer was to provide a machine to carry the armament which was, 
should he say, inflicted upon him. The aeronautical engineer was capable of 
designing machines to carry small bombs, big bombs, or any other special type 
of armament, and it might be that some specialised form of bomb might be 
developed to supersede the torpedo, but we should very soon produce machines 
to meet its special requirements. With regard to the folding of the wings, he 
believed that with most machines it was achieved in about fifty seconds. The 
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general request was for a machine which could be folded in thirty seconds, but 
so far as he knew we had not yet reached that stage. As to the use of radial 
engines, so far as he could say at present the load required to be carried had 
been too great for any of the existing radial engines. Those engines had been 
improved lately, however, and he saw no reason why a perfectly good torpedo 
plane should not be produced fitted with one of the best radial engines. Wheel 
brakes might come. They had been used very widely in America, and to some 
extent in this country, but so far there had not been much difficulty about 
stopping machines on the deck. It might be that with wheel brakes the pilots 
would have more latitude when coming in to the ship, and the necessity for 
the ship heading into wind be less stringent. If it were proposed to land over 
the bows of the carrier, wheel brakes would be one of several features requiring 
definite development. 
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SUMMARIES OF TECHNICAL PUBLICATIONS RECEIVED 
PREPARED BY THE EDITOR. 


On the Flow of Air behind an Inclined Flat Plate of Infinite Span. A, Fage, 
A.R.C.Sc., and F. C. Johansen, B.Sc. H.M.S.O., 18. ad. Feb:,. 1927. 
R. & M. No. 1104 (Ae. 28:). 


SUMMARY. 


The periodic flow behind an infinitely long flat plate inclined in an air stream 
is examined by means of a hot wire used in conjunction with an Einthoven 
galvanometer, 

The vortices generated at each edge pass downstream with a frequency 
which increases as the inclination of the plate decreases. The frequency is 
proportional to the wind speed, at a constant inclination. 

The longitudinal spacing of the vortices decreases as the inclination of the 
plate decreases. The vortices pass downstream at a speed which increases as 
the inclination decreases. 

Vorticity is shed from the two edges of the plate at the same rate. This 
rate falls slowly as the inclination is decreased from 90°. 

There is a lateral opening-out of the vortex street with the passage 
downstream. 

Only a part of the vorticity leaving the plate travels downstream in the form 
of vortices having a definite individuality. 

Karman’s formula for the resistance of a flat plate, given in terms of the 
dimensions of the vortex system behind the plate, gives results in fair agreement 
with those measured directly. The Nirchhoff-Rayleigh theory considerably 
underestimates the force acting on the plate. 


The Aerodynamics of a Simple Servo-Rudder System. H. M. Garner, M..A., 
and Flight Lieut. C. E. W. Lockyer. H.M.S.O., 6d. May, 1927. 
R. & M. No. 1105 (Ae. 282). 
SUMMARY. 
Reasons for Inquiry.—Servo-rudders provide a convenient means of reducing 
the force required to operate a large rudder, without danger of overbalance. 
Range of Investigation.—The system considered is a rectangular rudder with 
a servo-rudder hinged to its trailing edge. The servo-rudder angle required to 
hold the main rudder over to a definite angle and the moment about the servo- 
rudder hinge have been calculated, for different combinations, from the results 
of aerofoil theory. The “‘ efficiency ’’ of the system has also been calculated. 
Conclusions.—The servo-rudder angle required to hold the main rudder over 
to a definite angle is found to vary comparatively little with the relative size of 
the servo-rudder, and since the ‘‘ efficiency ’’ increases as the relative size of 
the servo-rudder diminishes, it is always advantageous to keep the servo-rudder 
as small as possible. 


Further Developments.—The results require checking by systematic wind 
tunnel tests on servo-rudders of this type over a large range of angles of 
incidence. 


y 
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The Rotating Wing in Aircraft. H. E. Wimperis, M.A., F.R.Ae.S. H.M.S.O., 
6d. net. August, 1926. R. & M. No. 1108. 
A reprint of a paper read before section G of the British Association at 
Oxford, on August 9th, 19260. A summary of the principles of the Cierva 
Autogyro, 


The High Duty Compression-Iqnition Engine. D. R. Pye, M.A. H.M.S.O, od. 
August, 1926. R. & M. No. rrog. 
CONCLUSIONS. 

No multi-cylinder engine of the compression-ignition type has up to now 
been built, so far as | am aware, at anywhere near 3 lb. per horse-power, although 
a two-cylinder unit of the ** Attendu ’’ engine . . . comes out at about 4 Ib. per 
h.p. The fuel consumption in this was, however, 0.6 per b.h.p. 

The single-cylinder work has shown that it is possible to obtain a evlinder 
output expressed as (B.M.E.P.) x (piston speed), or, in other words, as h.p. 
per sq. in. of piston area, nearly on a level with that of a high duty petrol engine, 
and that this can be done without going more than a little bevond the maximum 
pressures customarily allowed for, and with a considerably lower fuel consump- 
tion. To get the piston speed a large cvlinder is desirable to keep down the 
revolutions, and this will involve some increase of weight in crankshaft and 
crankcase construction. 

The design difficulties of reproducing these research results in a multi- 
cylinder engine, however, are very considerable. . . . A possibility of further 
weight reduction lies in the development of the two-stroke cycle. 


Note on some Fatigue and Density Tests made of Aluminium Aggregate. H. J. 
Gouph, M°B.E., B:Sc., H.M.S.0., 4d. June, 1927. R. & M. 
No. 1110 (M.51). 
SUMMARY. 

Purpose of Investigation.—The tests described in this report were made for 
purposes of comparison with similar tests (R. & M. 1024) on single crystals of 
aluminium, 

Range of Investigation.—The material used is that from which single crystals 
of aluminium were prepared and test results of which have been reported. In 
the present tests, this material, in the polycrystalline form has been used in the 
rolled,’’ also in the annealed’? conditions. The endurance limit, under 
reversed direct stresses employing a Haigh machine, has been determined in each 
case. The density of each of the annealed specimens was determined before 
and after test. 

Conclusions.—(1) The fatigue ranges for the hot-rolled, annealed, and mono- 
crystalline forms have the values + 3.3, +2.2 and tons/inch? respectively. 


The strengthening effect of crystal boundaries and of a modern crystal arrange- 
ment is clearly shown. (2) It is found that a definite decrease in density of 
the annealed specimens occurs as the result of the alternating stressing. This 
decrease varies from 0.037 per cent. to 0.100 per cent. of the value of the density 
in the unstressed state. A comparison of the results of the N.P.L. work on 
mono-crystalline poly-crystalline specimens, also a consideration of the 
results obtained by other workers, suggests that a decrease in density of a 
metallic specimen: due to cold work marks an -effect which is confined to the 
neighbourhood of crystal boundaries. Where no such boundaries exist, as in 
the single crystal specimens, changes of density do not occur. 


Further Developments.—None projected. 
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Air Force Tests of Sperry Messenger Model with Six Sets of Wings. J. M. 
Shoemaker. N.A.C.A. Report No. 209. Washington, 1927. 


SUMMARY. 

The purpose of this test was to compare six well-known airfoils, the 
R.A.F, 15, U.S.A. 5, U.S.A. 27, U.S.A. 35B, Clark Y and Géttingen 387, fitted 
to the Sperry Messenger model, at full-scale Reynolds number as obtained in 
the variable density wind tunnel of the N.A.C.A., and to determine the scale 
effect on the model equipped with all the details of the actual airplane. The 
results show a large decrease in minimum drag coefficient upon increasing the 
Reynolds number from about one-twentieth scale to full-scale. Maximum lift 
coefficient was increased with increasing scale for all the airfoils except the 
Géttingen 387, for which it was slightly decreased. A comparison is made 
between the results of these tests and those obtained from tests made in this 
tunnel on airfoils alone. 


The Measurement of Pressure through Tubes in) Pressure Distribution Tests. 
Paul E. Hencke. N.A.C.A. Report No..270. Washington, 1927. 


SUMMARY. 

The tests described in this report were made by the N.A.C.A. to determine 
the error caused by using small tubes to connect orifices on the surface of 
aircraft to central pressure capsules in making pressure distribution tests. 

Aluminium tubes of 3/16 in. inside diameter were used to determine the 
error, Lengths from 20 feet to 220 feet and pressures whose maxima varied 
from 2 inches to 140 inches of water were used. Single-pressure impulses for 
which the time of rise of pressure from zero to-a maximum varied from 0.25 
second to 3 seconds were investigated, 

The results show that the pressure recorded at the capsule on the far end 
of the tube lags behind the pressure at the orifice end and experiences also a 
change in magnitude. For the values used in these tests the time lag and pres- 
sure change vary principally with the time of rise of pressure from zero to a 
maximum and the tube length. Curves are constructed showing the time lag 
and the pressure change. Empirical formule are also given for computing the 
time lag. 

Analysis of pressure distribution tests made on airplanes in flight shows that 
the recorded pressures are slightly higher than the pressures at the orifice and 
that the time lag is negligible. The apparent increase in pressure is usually 
within the experimental error, but in the case of the modern pursuit type of air- 
plane the pressure increase may be 5 per cent. For pressure distribution tests 
on airships the analysis shows that the time lag and pressure change may be 
neglected. 


Pressure Distribution Tests on PW-g Wing Models showing Effects of Biplane 
Interference. A, J. Fairbanks. N.A.C.A. Report No. 271. Washing- 
ton, 1927. 
SUMMARY. 

In this report tests are described in which the distribution of pressures over 
models of the wings of the PW-g airplane was investigated. The wing models 
were tested individually and in the biplane combination. The investigation was 
conducted in the atmospheric wind tunnel of the National Advisory Committee 
for Aeronautics. It is concluded in this paper that the effect of biplane inter- 
ference on the pressures on the wings is practically confined to the lower surface 
of the upper wing and the upper surface of the lower wing; that the overhanging 
portion of the upper wing is not greatly affected by the presence of the lower 
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wing; and that a slight wash in at the centre section of the upper wing satisfac- 
torily compensates for a reduced chord at this section (providing the airfoil 
section is not mutilated) and prevents a large reduction in the normal force over 
this portion of the wing. 


The Effect of the Walls in Closed Type Wind Tunnels. G. J. Higgins. 
N.A.C.A. Report No, 275. Washington, 1927. 


SUMMARY. 

A series of tests has been conducted during the period 1925-1927 by the 
National Advisory Committee for Aeronautics in the variable density wind tunnel 
on several airfoil models of different sizes and sections to determine the effect 
of tunnel wall interference and to determine a correction which can be applied 
to reduce the error caused thereby. The use of several empirical corrections 
was attempted with little success. The Prandtl theoretical corrections give the 
best results, and their use is recommended for correcting closed wind tunnel 
results to the conditions of free air, 

An appendix is attached wherein the experimentally determined effect of the 
walls on the tunnel velocity very close to their surface is given. This is of 
special interest because a “‘ scale effect ’’ was found in the boundary layer with a 
change in the density of the tunnel air, 


Combustion Time in the Engine Cylinder and its Effect on Engine Performance. 
C. F. Marion. N.A.C.A. Report No. 276. Washington, 1927. 


SUMMARY. 

As part of a general programme to study combustion in the engine cylinder 
and to correlate the phenomena of combustion with the observed performance 
of actual engines, this paper, which was outlined by Mr. S. W. Sparrow, and 
the work undertaken at the request of the National Advisory Committee for 
Aeronautics, presents a sketchy outline of what may happen in the engine 
cylinder during the burning of a charge. It also suggests the type of informa- 
tion needed to supply the details of the picture and points out how combustion 
time and rate affect the performance of the engine. 

A theoretical concept of a flame front which is assumed to advance radially 
from the point of ignition is presented, and calculations based on the area and 
velocity of this flame and the density of the unburned gases are made to deter- 
mine the mass rate of combustion. From this rate the mass which has been 
burned and the pressure at any instant during combustion are computed. 

This process is then reversed in an effort to determine actual rates of com- 
bustion and flame velocities from the pressures as recorded on indicator diagrams. 

The effects of different rates of combustion on engine performance are then 
discussed and the importance of proper spark advance is emphasised. 


Tests on the N.P.L. Airship Models in the Variable Density Wind Tunnel. 
George J. Higgins. N.A.C.A. Technical Note No. 264. Washington, 
September, 1927. 

SUMMARY. 


Tests have been conducted in the variable density wind tunnel of the N.A.C.A. 
on two airship models, known as the N.P.L. standardisation models, long and 
short. The resistance or shape coefficients were determined for each model 
through a range of Reynolds numbers from 110,000 to 5,000,000. Comparison 
is made with previous tests on these models and other airship models. 
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Measurement of the Moments of Inertia of Full-Scale Airplanes. M. W. Green. 
N.A.C.A. Technical Note No. 265. Washington, September, 1927. 


SUMMARY. 

This paper contains a description of the method of measuring the moments 
of inertia of full-scale airplanes as practised by the N.A.C.A. at the Langley 
Memorial .\eronautical Laboratory. The method, while not at all new, is pub- 
lished for the information and guidance of others who may desire to make similar 
measurements. The paper includes as an appendix the computations for the 
moments of inertia of the O-2 airplane. 


Airfoil Lift with Changing Angle of Attack. Elliott G. Reid. N.A.C.A, 
Technical Note No, 206. Washington, September, 1927. 


SUMMARY. 


Tests have been made in the atmospheric wind tunnel of the N.A.C.A. to 
determine the effects of pitching oscillations upon the lift of an aerofoil. 

It has been found that the lift of an airfoil, while pitching, is usually less 
than that which would exist at the same angle of attack in the stationary condi- 
tion, although exceptions may occur when the lift is small or if the angle of attack 
is being rapidly reduced. 

It is also shown that the behaviour of a pitching airfoil may be qualitativels 
explained on the basis of accepted aerodynamic theory. 


Pressure Distribution on Wing Ribs of the VE-7 and TS Airplanes in Flight. 
R. V. Rhode. N.A.C.A, Technical Note No. 267. Washington, October, 
1927. 
SUMMARY. 

This paper is the first of a series of notes, each of which presents the 
complete results of pressure distribution tests made by the N.A.C.A. on single 
wing ribs of the VE-7 and TS airplanes for a particular condition of flight. The 
level flight results are presented here in the form of curves and show the com- 
parison between the pressure distribution over a representative thin wing, 
R.A.F.15, and a moderately thick wing, U.S.A.27, throughout the range of 
angle of attack. 


Mass Distribution and Performance of Free Flight Models. Max Scherberg and 
R. V. Rhode. N.A.C.A. Technical Note No, 268. Washington, October, 
1927. 
SUMMARY. 


This note deals with the mass distribution and performance of free flight 
models. An airplane model which is to be used in free flight tests must be 
balanced dynamically as well as statically, e.g., it must not only have a given 
weight and the proper centre of gravity, but also a given ellipsoid of inertia. 
Equations which relate the motions of an airplane and its model are given. 
Neglecting scale effect, these equations may be used to predict the performance 
of an airplane, under the action of gravity alone, from data obtained in making 
dropping tests of a correctly balanced model. It is shown how a light model, 
built with little regard to its mass distribution, may be loaded with masses of 
predetermined weight, shape, position and attitude to give the distribution desired. 

It is indicated how this method of distributing the mass in a body to obtain 
a desired distribution, together with the model dropping tests, may be used to 
determine the most desirable inertia characteristics of an airplane of given shape. 
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The Distribution of Loads between the Wings of a Biplane having Decalage. 
R. M. Mock. N.A.C.A. Technical Note No. 269. Washington, Novem- 
ber, 1927. 
SUMMARY. 

The purpose of this thesis is to determine the distribution of loads between 
the wings of a biplane at various angles of decalage when the gap/chord ratio 
is one, and there is no stagger. Since the distribution of loads between wing's 
is the ratio of the lift of one wing to the lift of the other, the effective lift of each 
wing will have to be determined. This can be calculated if the effect of the 
presence of one wing on the lift of the other wing is known. The effective lift 
of each wing was first investigated, using the vortex theory and later by experi- 
ments in the wind tunnel. In order to obliterate a possible source of error, two 
airfoils were used, namely, the U.S.A.27 and the Gé6ttingen 387. Extensive 
tests were made, using the U.S.A.27 airfoil, and when the results showed a 
possible error they were checked with the Géttingen 387 airfoil. 


The Characteristics of the N.A.C.A. 97, Clark Y and N.A.C.A. M6 Airfoils, with 
Particular Reference to the Angle of Attack. G. J. Higgins. N.A.C.A. 
Technical Note No, 270. Washington, December, 1927. 

SUMMARY. 

This note gives the aerodynamic characteristics of the N.A.C.A. 97, Clark Y 
and N.A.C.A. Mo airfoil sections as determined in the variable density tunnel at 
Langley Field. Particular attention is called to the relation of the characteristics 
to the angle of attack in their use in airplane design. 


Researches on Springs. Engmeering Research. Report No. 5. H.M.S.O. od. 
February, 1928. 
CONCLUSIONS. 

Consideration of the estimated fatigue limits, and also of the actual number 
of reversals, show that the clamping stresses cause some reduction of the resist- 
ance of the material to bending fatigue stresses. The amount of the reduction 
is of the order of to per cent. for the hardened and tempered spring steel, with 
a mean compressive loading of 2 to 4-tons per sq. in. 

It is probable that the mean compressive stress at the fixing jaw in the tests 
recorded in Parts I., II. and III. was considerably higher than that used in the 
present tests, and accounts for the greater effects of such stresses in those tests. 
In a laminated spring, with rough surfaces, it is apparent that an actual local 
compressive stress concentration may be high, even with a low mean compressive 
stress. For this reason it is advisable to keep the mean pressure low, and to 
avoid surface irregularities. 


The New Aerodynamic Laboratory of the University of Toronto. J. H. Parkin, 
M.E., F.R.Ae.S. Aeronautical Research Paper No. 16. University of 
Toronto, June, 1927. 

SUMMARY. 

The present paper contains descriptions of the new 4ft. R.A.E. type wind 
channel recently installed at the University of Toronto, and of the auxiliary equip- 
nent, including a modified Chattock micromanometer and alignment instruments, 
to which reference will be made in certain subsequent papers. This information 
will assist those interested in judging of the value of the results obtained. In 
addition, the results of airflow and power consumption studies are given, together 
with similar data pertaining to the original 4ft. N.P.L. type wind channel at 
Toronto. 


SUMMARIES OF TECHNICAL PUBLICATIONS RECEIVED — 233 


Research on Channel Wall Interference. J. H. Parkin, M.E., F.R.Ae.S., 
J. E. B. Shortt, B.A.Sc., and C. G. Heard, B.A.Sc. Aeronautical 
Research Paper No, 17. University of Toronto, August, 1926. 

SUMMARY. 

An investigation of channel wall interference, with the object of verifying 
experimentally the accuracy of the results given by the theory developed by 
Prandtl and extended by Glauert. Tests were made, with cylinders and aerofoils, 
using the ‘‘ mirror ’’ method, for some ten different channel sizes. The results 
show :— 


1. The presence of the channel walls results in an increase in the drag of a 
symmetrical body, such as a cylinder. 

2. Agreement with the theoretical corrections for incidence and drag for 
channels of reasonable size. 

3. The extent and nature of the wall interference effects on the aerodynamic 
characteristics of aerofoils in much restricted streams, beyond the limits 
of applicability of the theory. 


Pressure Distribution over U.S.A.27 Aecrofoil with Square Wing Tips. J. H. 


Parkin, M.E., F.R.Ae.S., J. E. B. Shortt and C. G. Heard. Aeronautical 
Research Paper No. 18. University of Toronto, December, 1925. 


SUMMARY. 


This investigation was undertaken to determine the distribution of loading 
over a U.S.A.27 aerofoil, with square wing tips, as_a monoplane and in different 
biplane combinations. The tests were conducted in the gft. wind channel of the 
University of Toronto. 

Pressure measurements were made at six sections on the semi-span of a 
brass aerofoil of 3 in. chord and 18 in. span arranged for pressure plotting. The 
range of incidence covered was from — 4° to 18° (corresponding roughly to the 
zero to maximum lift range for this section). An air speed of 4o f.p.s. was 
used for all the tests. The pressures are expressed in terms of V. A duralumin 
dummy plane, identical in plan form and section with the pressure plotting plane, 
was employed in securing the biplane measurements. The wing combinations 
tested were: Monoplane, biplane with gap equal to chord; zero stagger; upper 
wing 15° ahead of the lower wing; upper wing 30° ahead of lower wing. The 
effect of stagger on the distribution of loading is considerable. As the stagger 
is increased, the load on the upper wing increases while the load on the lower 
wing decreases, the ratio of the load on the upper wing to the load on the lower 


wing varying from 1.02 with no stagger to 1.52 with 30° stagger at o° incidence. 


Pressure Distribution over Gottingen 387 Acrofoil with Square Wing Tips. J. H. 
Parkin, FR Ji Shortt BA:Sc.,..and Ge Gade, 
B.A.Sc. Aeronautical Research Paper No. 18a. University of Toronto, 
September, 1926. 

SUMMARY. 

This investigation is similar to that described in A.R.P. No. 18. Pressure 
measurements were made at eight points, on the upper and on the lower surfaces, 
at each of six sections along the semi-span of a 3in. by 18in. brass aerofoil 
arranged for pressure measurements. 

The general distribution of pressure over the Géttingen 387 is similar to 
that of the U.S.A.27. . . . Generally speaking, for staggered biplanes with the 
Géttingen 387 section the upper plane was found to carry a greater part of the 


| 
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joad than with the U.S.A.27 section. For the G6ttingen section biplane with 


30° stagger the upper plane carries an average of 50 per cent. more load than 
the lower plane over the range of incidence tested. 


Biplane Investigation. J. H. Parkin, M.E., F.R.Ae.S., J. E. B. Shortt, B.A.Sc., 
and J. G. Cade, B.A.Sc. Aeronautical Research Paper No. 19. University 
of Toronto, September, 1926. 


CONCLUSIONS. 


g, stagger and gap for these aerofoils (.\irscrew 4, 


lhe influences of biplanin 
U.S.A.27, G6ttingen 387) are generally of the same character as for thin aerofoils. 
The principal effects are on lift and lift/drag, drag and centre of pressure being 
little influenced. . . . Figures indicate that the upper wing carries more load 
and the lower wing less load than in the case of biplanes of thin wing: section, 
and hence the load factors for the wings of biplanes are not strictly applicable 
to biplane wings of the type here tested. 
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All the World’s Aircraft, 1927 
Edited by C. G. Grey. Sampson Low. £2 2s. net. 

Jane’s All the World’s Aircraft is one of those welcome perennials which 
seems to flourish with increasing strength every year under the able editorship 
of Mr. C. G. Grey. This is the seventeenth vear of issue, and the vear under 
review, 1927, has been one of important advances in air-mindedness and progress 
which will make this volume noteworthy and is generally recorded in an excellent 
preface by the Editor and in more detail in various sections of the volume. 

A valuable feature of this year’s issue is the article by Major W. E. de B. 
Whittaker on the French Air Service, both on the Military and Naval side. The 
whole of the historical section, indeed, is an invaluable record of progress and 
the reading of it through makes one wonder that the aeroplane industry is not 
in a more flourishing condition, for the field for sales is now world-wide, and 
British machines are in the same high category of all other British engineering 
work. One suspects there is something lacking in the sales and advertising 
organisation of the British Aircraft Industry when one sees how many countries 
have adopted French and German machines. 

There are sections on the Autogiro, aero-engines and airships. That on 
airships is a striking commentary on the lack of interest which has been shown 
in airships throughout the world, containing as it does only seven pages including 
illustrations, as against over 280 pages devoted to aeroplanes. 


This Airship Business 
EK. J. Spanner. Williams and Norgate. 


Why was this book written? Certainly not to make money—the public 


interested in airship work is too limited for that. There can be no hope of the 
book stopping the airship programme now in hand. At first one is inclined to 


think that Mr. Spanner must be one of the people dissatisfied with ‘‘ that para- 
vane business’? which laid the foundation of Lieut.-Commander Burney's 
fortunes, but as one gets further into the book we find that many other people 
also meet with his disapproval, and one finishes the work with the conclusion 
that Mr. Spanner is genuinely concerned for the safety of the new airships and 
that the object of the book is to force some inquiry into their design before they 
take the atr. 

It is & pity that the personal question could not have been kept clear of the 
technical one, but a book in the ‘* Unspeakable Scot ’’ style does interest a 
public who would never read a purely professional work, and doubtless that is 
why Mr. Spanner decided to publish the book in its present form. 


It is a strange fact that practically all the publicity work carried on for and 


Mr. Spanner—none of whom have any practical experience in the matter! 

“© Technical ’’ is a word dearly beloved by Mr. Spanner. The ‘‘ technical 
man’ is the only wise man-—the only man fit to be in charge of the Air 
Ministry. What exactly does he mean by a “ technical man’’? In my own 
view the man at the head of any department should have sufficient mathematical 
and engineering knowledge to be able to appreciate the work of experts employed 


| 
against airships ts done by Lord Thomson, Lieut.-Commander Burney, Neon and 
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under him and understand the conclusions they arrive at, without necessarily 
being an expert himself. Lord Thomson comes in for some abuse for not 
having a “* technically trained brain.’’ But Lord Thomson served in the Royal 
Engineers, and the officers of that Corps receive what Mr. Spanner would doubt- 
less admit is a very thorough technical education. 


Since Lord Thomson became a politician and a journalist he has said and 
written things on occasion that will not bear tnvestigation, such as the sug- 
gestion that airships will carry loads as heavy as an ordinary train across lofty 
mountain ranges—duly quoted by Mr. Spanner—but one must take this as a 
politician’s way of impressing the public that airships can carry heavy loads over 
difficult country—an undoubted fact. It is easy to cull bits from speeches and 
writings of people and quote them to prove that they are fools. Mr. Spanner 
himself writes about an airship ‘‘ exposed to a strong sun on one side and a 
cool breeze on the other; ”’ it is easy to see what he means, but one might take 
it that he believes the ‘* breeze ** on opposite sides of the ship to be of different 
temperatures ! 

Sir Samuel Hoare also comes in for considerable criticism. It is true that 
he made a contract with the Airship Guarantee Co. unduly favourable to that 
firm, but it must be remembered that it was exceedingly difficult to interest capital 
in any airship scheme in 1923. The Government of the day had two schemes to 
choose from: one promoted by Vickers, through their subsidiary the Airship 
Guarantee Company, under which the Government provided the airship base and 
plant for building and, as it turned out, also the most of the working capital. 
The alternative was that one of the large banks provided the capital, on a 
Government guarantee of interest, and the ships would have been built in England 
with the assistance of the Zeppelin Co, in the design work. 

The former scheme was preferred, partly because it was All-British, a sound 
reason, but in practice it has turned out that the gas-bags for the airship, an 
important and expensive part of the ship, have been built in Germany and much 
employment lost to this country. 


As regards Lieut.-Commander Burney, Mr. Spanner handles fairly 
severely, mainly for unduly optimistic remarks he has made 


especially in the 
early days when he first saw the finaneial possibilities of airships. 

He was then trying to market goods, of which he knew little, and, as a 
pushful salesman will, made the most of the qualities of his wares. Since he 
obtained the order for R.10o there is every reason to believe that he has made 
every eflort to produce a sound airship. He is assisted by Mr. Wallis, a prudent 
and careful airship designer, and by Mr. Teed, a technical man, such as should 
have Mr. Spanner’s approval. The firm only lacks an experienced pilot to look 
after the practical side of the handling and mooring arrangements, and this gap 
may have been filled by information supplied by the .\ir Ministry. 

Lieutenant-Commander Burney is an assiduous patentee, as Mr. Spanner’s 
researches at the Patent Office show. Given a hint of a new improvement he 
loses no time in endeavouring to secure it for his firm, a sound business procedure, 
but one that results in) strange specifications being drawn up at times, the 
strangeness of which are duly emphasised, and sometimes over-emphasised, by 
Mr. Spanner. 


Before leaving the personal side of this book it should be stated that Mr. 


Spanner much underestimates the qualifications of Major Scott. He will allow 
that he is a first-class pilot, but does not think he can be of much assistance 
in design werk. It is a pity that these two did not meet before the book was 


published. 
Perhaps the most interesting technical point raised by Mr. Spanner is the 
method of building up the tubes used in R.100. 
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Rivets have always been a source of weakness in airships. The riveting 
work has to be done very carefully if the meta! round the rivet holes is not to 
suffer damage. It is, therefore, sound practice to reduce the amount of riveting 


10 a minimum. In R.100 it would appear to have reached the maximum. The 
system of inserting the rivets would make the use of accurate rivet holes 
impossible. But is this system actually employed? We have only the patent 
specification to go by, and that may not be followed in practice—it is to be 
hoped not. 


Here lies the weakness of Mr. Spanner’s position—which he frankly admits 
himself—he does not know what is actually being done. He has asked to be 
allowed to go and see for himself, and the application has been refused. His 
whole case rests on the assumption that methods disclosed in certain patents are 
being actually employed. 


He makes much of the mooring question, but seems to have got confused 
about the behaviour of an airship moored to a mast by a single point, and 
moored to a Wire at a single point. There was a time when Lieut.-Commander 
Burney was trying to push a mooring mast which is similar to the Masterman 
tvpe, but unsuitable for big ships, and trying to discredit the International 
system, so that Mr. Spanner is able to make skilful use of arguments on the 
subject of mooring by several people, and condemn the whole idea of mooring 
airships in the open as a result! Without mooring masts no commercial airship 
scheme can succeed, but all those who have been actually employed on mooring 
given skilled crews 


experiments have no doubt of the feasibility of their use 
and competent ground staff. 


Historically Mr. Spanner is wrong about the loss of R.34. He says she 
was broken at Pulham in getting her into the shed. | was in command of 


Pulham at the time and can guarantee she was not wrecked there. She was 
coming from Howden, struck a hill for no other reason than that seagoing ships 
sometimes run aground, was flown back to Howden with two engines out of 
action in a rising wind, landed safely there, and moored out on the ‘* three wire ”’ 
system, with a modification hastily introduced, by someone unknown, for a reason 
unknown ; which modification—only the introduction of a length of wire between 
the top of the ‘* three wire *’ system and the mooring point—resulted in the loss 
of the ship. Owing to demobilisation, ete., there was no one at Howden 
experienced in airship mooring, or all would have been well. It is a pity when 
inaccurate history creeps into a book like this, as it will be quoted as fact by 
future writers. 


Other points raised by Mr. Spanner are the large unsupported area in the 
panels of the outer cover, and the question of the controllability of R.100. This 
latter question is a very important matter in hot climates, and | am inclined to 
agree that in a ship like this it will prove inadequate. If it does, steps can be 
taken to put matters right without much difhculty, but at some considerable 
expense, which might have been avoided had the matter been more thoroughly 
considered before. 

With Mr. Spanner I am concerned about the precautions taken against 
lightning and fire. Do the electric ight leads and the fuel pipes run side by 
side as in R.38? Are fuel tanks with open vents still employed? Is the for- 
mation of an explosive mixture in the trunks still possible? We must wait and 
see, and trust that the designers have given full attention to these matters. 

Mr. Spanner is not a complete disbeliever in the airship. He will admit 
that the rigid airship may be of some use for war purposes, as it will keep its 
shape when damaged, but can see no future for it in commercial work. He will 
grant that the semi-rigid might be made to pay, and I share his preference for 
this class of vessel where low maintenance costs are of primary importance. 


| 
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REVIEWS 


But no matter what ideas we may all hold on the most suitable type of airship 
for given duties, we cannot get away from the basic fact that the larger an 
airship is the easier she is to build with an adequate factor of safety and with 
an ever-increasing performance. If we can build airships, as we did, like the 
R.33 class of 60 tons, capable of standing up to any weather, there should be 
no doubt whatever about the strength of R.100 and R.1o1, especially with the 
very generous margin of weight allowed for the hull structure. 


If there are enough people who fear, like Mr. Spanner, that the ships are 
being badly built, and the Air Ministry attaches suflicient importance to their 
uneasiness, then a small committee appointed by the Royal Aeronautical Society 


to investigate and report might prove of value to all parties. I hope and believe 
that if Mr. Spanner had had access to all the facts and figures he wished to 
obtain he would revise many of the opinions he has expressed, and I have great 
hopes that in the near future he may become a valuable supporter of the airship 
movement. 

He came to curse—he will remain to bless—the fate of all people who dabble 
this airship business.” 


F. W. Booruesy. 
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